Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


O^y^.    "t     ^yXfV       \\e   lUy^ 


V 


•  ■      /  '  ■  •  ■ 
r  Try/- :..:.•  .- 


■t>-  ^/ 


% 


V 


i 


p/^.^^*'-'^ 


r 


AN 


ELEMENTARY    COURSE 


OF 


NATURAL  AND  EXPERIMENTAL 


PHILOSOPHY,      . 

FOB  THE  USE  Of  EIliH  SCHOOLS  AND  mWhr 


IN  WHICH 

THE    PKIXCITLES   OP  THE    PHYSICAL    SCIENCCS  ARE    FAMILIAiStlT 

ZXPLAIN'ED    AND    ILLUSTRATED    BY    NUMEIIOI.S 

EXPERIMENTS  AND  DIAGRAMS. 

BY  T.  TATE,  F.  R.  A.  S. 

OF    KXELLER    TRALNING     COLLEGE,    ENGLAND. 
AMERICAN    EDITION,    REVISED    AND    IMPROVED, 

By  c.  s.  carter,  A.  :\r.,        . .     . 

rttlXCIPAL  OF  ILUIVAIID  SCHOOL,   CHARLESTOWN. 


BOSTON: 
HICKLING,  SWAN  AND  BREWER. 

1858. 


THE  N'   ••■.■    'Ol^K 

Fu: .   :  :;•  ..ry 

AV"  •     -'NO 


r'3o 


Entered,  according  to  Act  of  Congress,  in  the  Year  183G,  ty 

HICKLIXG,  SWAX,  AND  BROWN. 

In  the  Clerk'9  Office  of  the  District  Court  of  the  District  of  Mas&acliusctt3w 


•    •     •  •    •  .    • 
■    •    •      •  •  * 
"  ••  •      •  •    ^*  • 


•  •  •  • 


I     •      » 


ELECmOTTPED  AT  TITE 
BOSTOK   STEREOTYPE   FOUNDRY. 


•  •       • 

*     •  ••  •       < 


EDITOR'S  PREFACE. 


NoTWTTHSTANDiNO  the  number  and  varietj  of  text  books 
on  Natural  Philosophy  now  before  the  public,  the  peculiar 
excellences  of  Professor  Tate's  treatise,  together  with  the 
expressed  desire  of  some  of  our  most  eminent  teachers  that  it 
might  be  made  available  to  them  in  their  instructions,  seemed 
to  call  for  its  republication  in  this  country.  It  was  originally 
prepared  as  one  of  a  scries  of  text  books  for  the  use  of  the 
mastei-s  and  students  of  the  Battersea  College,  near  London ; 
'and  how  well  it  has  fulfilled  its  purpose  is  evident  from  the 
high  commendations  bestowed  upon  it  by  Her  Majesty's  In- 
spectors of  Schools,  and  the  Committee  of  Council  on  Edu- 
cation. 

As  a  text  book  for  schools,  it  appears  to  embrace  all  the 
essential  requisites.  The  principles  of  the  science  are  clearly 
and  concisely  stated,  with  their  practical  application  to  the  arts 
of  life  and  the  phenomena  of  nature.  The  experiments  are 
instructive  and  interesting,  requiring  for  the  performance  of 
most  of  them  but  a  trifling  expenditure  for  apparatus.  Ex- 
amples and  problems  to  exercise  the  student,  with  numerous 
diagrams  for  illustration,  pervade  the  work. 

The  article  on  Astronomy,  with  the  use  of  the  globes,  is  a 
small  but  very  useful  introduction  to  one  of  the  most  interesting 
■cienoes ;  the  illustrations  are  numerous  and  good ;  some  of 
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them  unique,  and  most  of  them  of  a  superior  order ;  the  modd 
lesson  J  showing,  by  a  suggestive  course  of  reasoning,  how  the 
student  may  be  led  to  reflect  and  reason  upon  the  knowledge 
communicated  to  him,  will  be  read  with  interest  by  those 
engaged  in  teaching. 

In  addition  to  the  subjects  usually  embraced  in  a  course  on 
Natural  Philosophy,  it  contains  an  article  on  Experimental 
Chemistry,  wliich  is  a  familiar  exposition  of  the  principles  of 
the  science,  with  their  practical  application  to  agriculture. 
This  must  greatly  enhance  the  value  of  this  manual  in  those 
schools  where  time  and  means  will  not  allow  the  use  of  a  more 
extended  treatise. 

Such  alterations  in  the  arrangement  of  the  matter  and  in 
modes,  of  expression,  togetlier  with  important  additions  to  the 
text  of  the  original,  have  been  made,  as  were  considered  neces- 
sary to  adapt  it  to  use  in  this  country.  A  series  of  questions 
is  appended  to  the  work  for  the  accommodation  of  those  who 
may  desire  to  use  them. 

c.  s.  c. 
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PHILOSOPHY. 


INTRODUCTION. 


1-  The  general  laws  of  nature  are  divisible  into  the  four 
classes  of,  I.  Physics,  often  called  Natural  Philosophy; 
11.  Chemistry;  III.  Life,  commonly  called  Physiology; 
and,  IV.    Mind. 

2.  The  la>^*s  of  Physics  j^ovcrn  every  phenomenon  of  nature  in  %v}iich 
there  i"^  any  Fcnsililo  change  of  place. 

3.  The  great  phy.sicjJ  truth**  are  rcduerTl  to  fcnr,  and  arc  referred  to 
by  the  trrms  Atom^  Atf/'arfiofty  licpuhion^  and  Li-rtiu. 

4.  thlid  hodics  existing  in  eonlbrmity  Avith  these  truths,  exhibit  all 
the  phenomena  of  Meehunies ;  Liq->ii(Js  exliilrlt  those  of  Hydrostatics 
•nd  Hydraulics ;  Aits  those  of  Pneumatics ;  and  Inipondc^abUis  those  of 
Heat,  Light,  Electricity,  and  MagnctL>ni. 


MECIIAXICS. 

LAWS    OF    MATTi:n   AND    MOTION. 

5.  Mechanics,  in  its  most  comprehensive  scn<e,  treats  of 
the  laws  of  rest  and  motion  of  material  bodies.  Statirs  tn.'iits 
of  the  equilibrium  of  solid  bodies,  and  Dynamics  treats  of  the 
motion  of  solid  bodies.  Hydrostatics  treats  of  the  equilibrium 
of  fluid  bodies,  and  Hijdro'dynamics  {Hydraulics)  treats  of 
the  motion  of  fluid  bodies. 

CU) 


12  NATUKAL   AKD    EXPERIMENTAL   POILOSOFHY. 

C.  Matter  is  known  to  us  by  its  properties,  wliicli  affect 
our  senses.  The  mass  of  a  body  is  the  quantity  of  matter 
which  it  contains.  The  density  of  a  body  is  the  comparative 
quantity  of  matter  contained  in  a  given  size  or  voUime. 

7.  Motion.  A  body  is  in  motion  Svhen  it  is  in  the  act  of 
changing  its  place. 

When  a  body  jiasses  over  equal  spaces  in  equal  successive  ffertions 
of  time,  its  motion  is  said  to  be  uniform.  When  the  successive  spaces 
described  in  equal  times  continually  increase,  the  motion  is  said  to  be 
accelerated ;  and  when  those  spaces  continually  decrease*  the  motion  is 
said  to  be  retarded.  Motion  is  uniformiy  acceletxUed  or  retarded  when 
the  increase  or  decrease  of  the  spaces  passed  over  in  equal  successive  por- 
tions of  time  is  always  equal. 

8.  Velocity.  The  velocity  of  a  body  is  measured  by  the 
ftpace  uniformly  passed  over  in  a  given  time. 

When  the  motion  of  a  body  is  accelerated  or  retarded,  the  velocity  is 
not  measured  by  the  space  actually  passed  over  in  a  given  time,  but  by 
tho  space  which  would  have  been  ])assed  over  in  the  given  time  if  the 
motion  had  continued  miiform  from  that  point. 

9.  Momentum.  The  momentum  of  a  body  is  its  quantity 
of  motion,  and  is  measured  by  the  weight  of  the  body  multiplied 
by  its  velocity. 

The  quantity  of  motion,  or  momentum,  of  a  small  body  may  be  as 
great  as  that  of  a  large  body  ;  for  example,  if  the  velocity  of  a  musket 
ball  be  100  times  the  velocity  of  n  heavy  hammer,  which  is  100  times 
the  weight  of  the  ball,  then  their  momenta,  or  quantities  of  motion,  will 
be  the  same.  The  deficiency  of  weight  in  the  ball  is  made  up  by  Its 
excess  of  velocity. 

"When  a  peraon  running  strikes  nj^aiiift  an  obstacle,  he  suffers  a  collision 
coirespondiiig  to  his  weight  and  the  sj^ccvl  at  which  he  is  moviiifj. 

If  two  bodies  moving  in  the  same  din>ction  come  into  collision  with 
each  other,  the  force  of  collision  is  measured  by  the  (Ujft-rencc  of  their 
momenta ;  but  if  they  arc  moving  in  opjx^ite  direction?,  tho  force  of 
collision  is  much  greater,  for  it  is  equal  to  tlie  sum  of  their  momenta. 
Hence  it  is  that  the  collision  of  railway  trains,  when  moving  in  opposite 
directions,  is  much  more  tcrriiic  than  when  thoy  arc  moving  Li  tho  same 
direction. 

10.  FoncE  18  that  which  produces,  or  tends  to  produce, 
motion  in  a  body ;  or  it  is  that  which  changes  the  unlfonn 
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and  rectilinear  motion  of  a  body.     Thus  pressure,  impulse, 
gravity,  fcc.,  are  called  forces. 

When  a  forco  ai'ts  only  lor  an  instant,  it  is  called  ImpuWtTe ;  and  wlicn 
it  atU  iii"ithout  intermission,  it  is  culled  a  constant  force.  Constant  forces 
mcy  be  dthtr  uniform  or  carutbie.  A  force  is  tinifonn  when  it  uhvajs 
produces  equal  effects  in  equal  successive  portions  of  time;  and  it  ia 
Tariablti  ^vhoi  the  effects  produced  in  equal  ^nrtioiLS  of  time  are  xniequat, 

11.  Matter  is  either  ponderable  or  imponderable.  Pon- 
derahie  bodies  have  an  appreciable  weight ;  imponderable 
bodies  comprise  those  subtile  fluids  which  have  no  ajjprcciablo 
weight,  such  as  light,  heat,  magnetism,  and  electricity, 

12.  Forces  are  known  to  us  only  by  the  effects  which  they 
produce. 

In  order  to  estimate  the  magnitude  of  forces,  we  must  compare  the 
fSccts  which  they  produce  under  the  same  circumstances.  A  force  may 
te  estimated  V;y  the  pressure  wliich  it  produces  upon  some  obstacle ;  or 
it  mav  Ikj  estimated  bv  the  motion  w'nich  it  produces  in  a  lx)dv  in  a 
given  time.  In  the  former  case  the  measure  of  the  force  is  said  to  be 
iiaii'.al,  and  in  the  latter  case  djmimiciL 


rROPLRTIIIS    OF   MATTER. 

13.  The    properties   of  matter   are    usually  divided   into 
primary,  or  essential,  and  seconchtry,  or  non-essentiaL 

IT.e  former  are  tho«c  ^Wthout  which  we  cannot  conceive  matter  to 
cxL>t ;  the  latter  aro  tho-e  v.liich,  dipcndini;  upon  the  particular  laws 
iriiprer>scd  up-">n  ditfcrcnt  sulstancrs,  do  not  necessarily  enter  into  our 
abstract  coucptions  of  matter ;  thus,  for  example,  had  it  jjlcascd  the 
Creator,  the  law  of  gravitation  miglit  have  liccn  different  from  what  it  is ; 
or,  in  the  ].uico  of  the  l;iw  of  pcrfo::t  chistieity,  obscr\'c'd  in  tomo  l.odics, 
all  the  forms  of  matter  mi;^ht  have  beai  practically  incompressible. 
It  i»  obvious  therefore,  that  the  secondary  properties  of  matter  could  not 
have  become  known  to  us  anterior  to  observation  and  experiment.  The 
relative  adaptation  of  these  secondary  pro]K'rtics  of  matter  to  the  condi- 
tions ai'id  c-on-^titution  of  the  uiuvei-se,  affords  the  most  striking  evidence 
of  the  existence  and  attributes  of  a  great  and  intelligent  cause. 

14.  Tiic  primary  properties  of  matter  are  Extension  and 
ImptTulrabiliiy,    The  most  important  secondary  properties^ 
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considered  in  r(?lation  to  mechanical  ecience,  are  Compresst- 
hility^  ExpansibiUti/y  Dlvisihility^  Cohesion^  Elasticity^  Afobilityy 
Inertia,  and  Gravity, 

lo.  Extension  is  that  property  whereby  every  body 
must  occupy  a  certain  limited  space.  We  necessarily  conceive 
every  body  to  have  length,  breadth,  and  thickness. 

IG.  Impenetrability  is  that  property  whereby  no  two 
substances  can  occupy  the  same  space  at  the  same  instant  of 
time. 

17.  Compressibility  and  Expansibility  are  those  prop- 
erties by  virtue  of  which  bodies  may  be  made  to  occupy  a 
smaller  or  larger  space. 

The  susceptibility  to  compression  shows  that  all  bodies  must  contain 
pores,  or  spaces  between  the  ultimate  particles  or  atoms  of  which  they 
are  composed,  and  that  there  is  no  substance  in  nature  which  is  absolutely 
solid. 

In  consequence  of  these  properties,  bodies  differ  very  much  in  density. 
"When  bodies  have  the  same  size,  or  volume,  their  densities  are  measured 
by  their  weights.  Thus  a  cubic  foot  of  copper  weighs  nine  times  as 
much  as  a  cubic  foot  of  water ;  hence  copper  possesses  nine  times  the 
density,  or  specitic  gravity,  of  vratcr. 

18.  Divisibility.  There  is  no  limit  to  the  mathematical 
conception  of  the  divisibility  of  space ;  but  the  doctrine  of 
the  atomic  theory  seems  to  indicate  that  there  is  a  practical 
limit  to  the  divisibility  of  matter. 

In  going  on  "with  our  division,  we  must  finally  arrive  at  a  certain 
ultimate  pariic'e,  or  atom  of  matter,  which,  from  its  constitution,  no 
longer  admits  of  sei)aration  into  ports.  Nature  presents  us  with  various 
marvellously  minute  divisions  of  the  particles  of  matter. 

19.  Cohesion,  or  tlie  attraction  of  cohesion,  is  that  prop- 
erty of  bodies  whereby  the  atoms  composing  them  are  united 
in  a  mass. 

This  force  of  attraction  between  the  particles  of  matter  only  takes 
place  at  immeasurably  minute  distances.  Bodies  are  solid,  liquid,  or 
aeriform,  according  as  tho  cohesion  of  their  particles  is  modified  by  heat. 
The  particles  of  gases  and  vapors  repel  one  another,  in  consequence  of 
the  repulsive  force  of  beat  being  greater  than  the  force  of  cohesion ;  in 


PROPEHTIfiS   OF   MATTER.  15 

solids,  the  force  of  cohesion  preponderates  over  that  of  repulsion ;  and 
in  liquids  the  forces  of  cohesion  and  repulsion  arc  presumed  to  be  equal. 

20.  Elasticity  is  tliat  property  of  bo'tlics  by  which,  when 
iheir  foiin  is  tillered  by  the  action  ot*  an  exicrnal  force,  they  ^ 
regain  their  urrginul  i'orra  as  soon  as  the  external  force  is 
withdrawn. 

All  bodies  possess  this  property  in  a  greater  or  less  degree. 

Host  substances  have  a  hmit  to  their  elasticity :  thus,  if  a  straight 
clastic  bar  is  bent  by  a  prcssiu-c  appHed  to  it,  and  if  tins  pressure  does 
not  exceed  a  certain  quantity,  the  bar  will  resume  its  origuial  form  when 
this  pressure  is  removed ;  but,  on  the  contrary,  if  the  pressure  exceeds  a 
certain  quantity,  called  the  limit  of  the  body's  elasticity,  the  cohesion 
of  the  material  is  injiured  or  destroyed ;  and  then,  in  this  case,  the  bar 
will  not  return  to  its  original  form  upon  the  cessation  of  the  pressure. 
Bodies  which  have  no  clastic  limit  may  be  called  perfectly  clastic,  such 
as  gases  and  vapors. 

Liquids  scarcely  admit  of  compression ;  and  hence  they  are  called 
non-eiastic  Jluidst  whereas  gases  and  vapors  arc  called  elastic  fluids. 
Some  aeriform  bodies,  such  as  carbonic  acid  gas,  have  been  brought  to 
the  liquid  state  by  being  subjected  to  a  high  pressure  and  cold ;  these  are 
called  condensable  gases ;  whereas  some  gaseous  bodies,  such  as  oxygen 
and  nitrogen,  composing  the  atmosphere,  resist  condensation,  whatever 
may  be  the  pressure  and  cold  to  which  they  arc  subjected.  These  gases 
are  called  permanently  elastic.  Beams  employed  in  constniction  are 
sometimes  considered  perfectly  elastic,  when  their  resl^itance  to  compression, 
witldn  their  limits  of  elasticity,  is  equal  to  their  resistance  to  extension. 

21.  Mobility,  or  susceptibility  to  motion,  is  that  property 
whereby  a  body  admits  of  change  of  place. 

Motion  may  be  absolute  or  relative  :  thus  a  man  in  a  railway  carriage 
may  be  in  motion  relatively  to  the  other  objects  in  the  carriage,  while  at 
the  same  time  he  partakes  of  the  absolute  motion  of  the  train.  In  esti- 
mating motion,  there  arc  three  things  to  be  considered  ;  %'iz.,  the  velocity 
or  quickness  of  the  motion,  the  space  passed  over,  and  the  time  in  which 
that  space  is  passed  over.  ITie  motion  of  a  body  l*^  uniform  when  it 
passes  over  equal  space  in  equal  successive  intervals  of  time ;  in  this  case, 
th^  velocity  of  the  motion  is  the  dL«?tance  in  feet  passed  over  in  one 
second  of  time  ;  the  space  Is  the  whole  distance  in  feet  moved  over  ;  and 
the  time  the  number  of  seconds  in  which  the  si)acc  is  described.  In 
unifonn  motion,  therefore,  we  have 

The  space  c^  the  velodty  X  the  time. 
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Ilcre  there  arc  throe  general  quantitieB,  any  two  of  irhich 
the  rcmainiDg  one  may  be  found. 

EXASCFLES* 


glTCB* 


Ex.  1.    If  a  railway  train  moves  over  44  feet  in  a  second,  what  spaee 
will  it  move  over  in  an  hour  ? 

Space  moved  over  in  1  sec.  =  44  ft. 
"         "  «     3600  sec.  or  1  h.  =  3600  X  44  ft  =  158,400  ft. 

B=  30  miles.    Ans. 

Ex.  2.    If  a  railway  train  moves  over  20  miles  in  an  hour,  what  will 
be  its  velocity  per  second  ? 

Space  moved  over  in  3600  tec.  or  1  h.=  20  X  o280  ft. 

-V    .    ,  20X5280       „^,  ^      ^ 

Or,mlscc.  =  — — — — s=  29J  ft.    Ans. 

£e.  3.    If  the  velocity  of  a  body  be  20  feet  per  second,  in  what  tune 
will  it  move  over  a  mile  ? 
6280  ft. 


20   it. 


=  264  scc.  =  4|  min.    Ans. 


22.  Inertia.  By  this  property  is  meant  that  matter  has 
no  power  in  itself  to  change  its  present  state,  and  that  anj 
alteration  in  its  state,  whether  of  rest  or  motion,  must  be  pro- 
duced by  the  action  of  some  external  force. 

If  a  body  is  broken,  some  force  must  have  produced  the  rupture.  If 
a  body  is  mdted,  heat  must  have  produced  the  change.  If  a  body 
changes  its  state  from  rest  to  motion,  some  force  must  have  communi- 
cated the  motion.  If  it  passes  ftt)m  a  state  of  motion  to  that  of  rest* 
some  force  must  have  been  exerted  to  destroy  the  motion.  The  laws  of 
motion  will  be  hereafter  more  fuUy  considered. 

Experiment.  Place  a  coin  on  a  piece  of  card  paper,  and  balance  it 
Hpon  the  tip  of  one  of  the  fingers  of  the  left  hand,  as  shown  in  Fig.  1 : 


Fig,  I. 
give  the  card  a  touqt  Uow  with  eoe  of  the  fipgfff  ^  the  right  head ; 


# 
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the  card  wUl  be  projected  forward,  but  the  penny,  from  its  inertia,  will 
remain  on  the  finger. 

^^'hen  a  carriage  suddenly  stops,  the  person  in  it  is  liable  to  be  thrown 
forM-ard,  from  the  inertia  of  his  body ;  that  is,  in  this  case,  from  the 
tendency  which  his  body  has  to  continue  in  motion. 

A  body  in  motion  also  tends  to  move  forward  in  a  straight  line; 
hence  the  effort  we  have  to  make  when  we  run  round  a  comer.  "When 
ft  stone  is  whirled  round  in  a  sling,  it  flics  off  in  a  direct  course  the 
moment  it  is  allowed  to  escape.  It  is  well  known  that  a  hare,  acting  by 
insstinct  on  this  law  of  inertia,  sometimes  makes  its  escape  from  the 
greyhound  by  taking  a  great  many  sudden 
turns,  which  the  dog,  from  its  greater  bulk 
and  inertia,  does  not  so  readily  take.  Thus, 
in  running  to  the  cover  C,  (see  Fig.  2,)  the 
hare  takes  the  course  A  B  D  E  C,  while  the 
dc^  in  compelled  to  take  the  longer  course, 
AbdeC. 

When  the  equestrian,  standing  on  the  sad- 
dle, leap?  over  a  cord  extended  over  the 
horse  at  right  angles  to  bis  motion,  the  horse 
passes  under  the  cord  while  the  rider  leaps 
over  it,  and  lights  on  the  saddle  at  the  oppo- 
fite  side.     IIctc  the  erjucstrian  has  merely  to  *^*    ' 

leap  upwards,  not  foiAs-ard-*,  as  he  would  have  to  do  if  he  were  not  in 
motion;  for  while  in  the  act  of  leaping  he  retains  the  motion  which  he 
had  before  he  made  the  leap,  so  that,  when  he  arrives  at  the  opposite  side 
of  the  cord,  his  progres<»ive  motion  being  the  same  as  that  of  the  horse, 
he  lights  exactly  on  the  saddle. 

23.  Gravity  is  that  property  by  which  all  terrestrial 
bodies  tend  towards  the  centre  of  the  cartli.  When  a  body 
is  supported,  this  tendency  produces  pressure  and  weight. 

The  pressure  produced  by  gravity  Is  always  exerted  in  a  diT^jtion  per- 
pendicular to  the  horizon,  and  is  measured  by  the  weight  of  the  body. 
The  unit  of  weight  in  mechanical  calculations  is  a  pound ;  and  hence 
the  forces  of  pressing  are  usually  exprc?scd  in  units  of  pounds. 

It  has  been  found  by  experiment  (allowance  being  made  for  the  resist- 
ance of  the  air)  that  bodies  of  every  size,  shape,  and  weight  fall  to  the 
earth  exactly  in  the  same  manner.  Thus,  were  it  not  for  the  resistance 
of  the  air,  a  feather  and  a  guinea  would  fall  from  the  top  of  a  tower  in 
the  same  time,  and  they  would  strike  the  ground  with  the  same 
vdocity. 
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Experiment,  Take  a  small  piece  of  thin  paper  and  a  coin,  and  let 
them  fall  the  eame  instant  from  equal  heights  above  the  ground ;  then 
the  com  will  arrive  at  the  gromid  much  sooner  than  the  paper.  Here 
the  air  presents  a  greater  proportional  resistance  to  the  motion  of  the 
hght  body  than  it  docs  to  the  heavy  one ;  but,  in  order  that  the  resist- 
ance of  the  air  may  \j^  the  same  in  both  bodies,  place  the  paper  on  the 
coin,  and  then  let  them  fall  together ;  they  loth  arrive  at  the  ground  at 
the  fame  instant. 

Thus  it  appears  that  the  prcj^sure  produced  Ly  the  earth's  attraction 
upon  bodies  is  a  vcrj'  different  thii^.g  ironi  the  motion  which  it  generates. 
In  the  former  cose,  the  pressure  produced  is  proportional  to  the  quantity 
of  matter ;  "whereas,  in  the  latter  ca!?e,  the  motion  generated  in  a  given 
time  is  the  fame  ior  all  bodies,  whatever  may  be  their  size,  weight,  or 
density,  lliis  odmits  of  a  featisfnctory  explanation  :  the  earth  attracts 
every  particle  of  which  a  body  is  composed,  and  hence  the  weight  of  a 
body  depends  upon  the  matter  whieli  it  contauis.  On  the  other  hand, 
all  the  particles  of  a  body  separated  from  one  aiiothcr  would  evidently 
fall  through  the  same  spaces  hi  the.  fy:mp  tim** ;  but  it  apjx'ars  from  ex- 
periment, that  when  the  particles  are  collected  in  one  mass,  they  fall 
exactly  in  the  same  manner  as  iluy  would  if  they  were  i>eparated  from 
one  another. 

24.  Gravity  is  said  to  take  place  in  consequence  of  the 
attniction  exerted  by  the  earth  upon  the  body.  The  gen- 
eral name  given  to  this  force  is  that  of  attraction  of  grax* 
itaiion. 

This  force  is  not  confined  to  bodies  upon  the  earth's  surface;  the 
moon  is  maintained  in  her  orHt  by  the  attraction  of  tl)e  earth,  and  all 
the  planetary  bodies  in  the  solar  system  arc  subject  to  the  attraction  of 
thecun. 

The  attractive  force  exerted  by  bodies  on  each  other  is 
reciprocal,  and  in  proportion  to  tlieir  masses. 

Tlia%  if  the  body  A  attracts  the  body  B,  then  B  will  attract  A,  and 
the  forces  which  they  exert  on  each  other  will  be  proportional  to  their 
respective  masses. 

Again,  4he  force  of  attraction  varies  inversely  as  the  square 
of  the  distance. 

Thus  at  double  the  distance  the  force  will  be  one  fourth,  at  treble 
one  ninth,  and  so  on. 

These  two  laws  are  expressed  by  saying  that  the  force  of 


X*BOP£ltTl£S   OP  UATTES.  19 

gravitation  varies  directly  as  the  mass,  and  inversely  as  the 
square  of  the  distance. 

Bodies  arc  attracted  by  the  earth  as  if  the  whole  of  its  mass  were  col- 
kcttd  in  its  centre ;  hence  the  force  of  gra^-ity  at  any  place  depends  upon 
the  distance  of  the  place  from  the  centre  of  the  earth.  Now,  since  the 
equatorial  diameter  of  the  earth  is  greater  than  the  polar  diameter,  it 
fcliowB  that  the  force  of  gra^'ity  at  places  near  the  equator  Ls  not  m 
great  as  it  Ls  at  places  nczu:  the  pules ;  thus  it  is  found  that  a  Ixxly  wliich 
pnxiuces  by  its  gra\ity  a  certain  pressure  at  Boston,  would  not  jiroduce 
this  amount  of  prcssurc  if  token  to  the  equator ;  and  in  like  manner  a 
pendidum  iivrliich  beats  seconds  at  Boston  ^vould  take  a  longer  time  to 
complete  a  vibration  at  the  equator. 

In  con«Cfjuencc  of  the  constaiit  acti(m  of  the  force  of  gravity,  the 
icotion  of  a  fulling  body  becomes  qidckor  and  quicker  as  it  descends. 
In  one  second  a  body  -will  fall  through  IGi^-y  ^^"^-'^  I  1***^  the  velocity  ac- 
rtiirix!  in  oiio  sc<-n:ui  is  02^  feet,  in  two  second;^  it  is  twice  32-J,  in  tl.rte 
£>?o7id:»  it  is  tlircc  tinio'^  .'J-^,  and  ho  <jn.  That  is,  Mr  vdttcity  acf/uhcd 
linfiil'iiij  f>c.d;/  itnrcnscs  iriiJi  the  ti/tfc ;  or,  in  other  word.-,  the  vc- 
ioiity  acquirevl  by  a  falHnq  bcdy  in  foct  i>^  rtiual  to  the  jToduct  cf 
3J  J  loot  by  tlie  nuinh'.r  of  Foconds  of  iis  fnll. 

Lj-pcrin\iat.  Ii  a  body  tak<»s  tlireo  second-?  in  fallins:  fn^m  the  top 
cf  a  vowcr,  with  wliat  volm-ity  will  tbc  Ijody  strike  the  gnnmd  r 

Velocity  =  3  X  32^  ft.  =  Ofi^  ft. 

Thi*  law  of  arquiicd  velocity  ari-cs  from  the  fact  that  grnvit)-  is  a 
unitorml'j  nrcvkratimj  fn-o^^  communicating  equal  incrcmrnts  of  velocity 
in  Clonal  lime?,  and  that  each  successive  increment  of  velocity  is  unaf- 
fecKil  by  the  motion  pic\'iou^ly  acquircib  At  places  towards  the  equa- 
tor tiii?  arcclerntini;  force  of  gravity  Ls  Icfs  than  it  is  in  our  latitude,  and 
at  places  near  the  polc<»  it  is  greater.  The  laws  of  de&cending  bodies 
^•ill  hereafter  Ik?  more  fully  considered. 

23.  Centre  of  Grwity.  The  centre  of  gravity  of  a 
body  i*  that  point  in  it  where  all  the  matter  composing  it  may 
be  supposed  to  be  collected.  The  centre  of  gravity  of  any 
reirular  bodv  lies  in  its  centre  of  magnitude. 

Balance  a  ro"d  or  a  stick,  or  any  other  body,  upon  the  finger ;  a  point 
within  the  stiel;,  directly  above  that  upon  which  the  l>ody  is  balanced, 
is  the  centre  cf  gravity.  If  the  centre  of  gravity  of  u  body  be  sup- 
ported, the  bf;dy  will  remain  at  rest ;  and  in  all  other  pa-sitions  the 
centre  of  gravity  descends  to  the  lowest  place  to  which  it  can  get. 

A  vertical  line  drawn  through  the  centre  of  gravity  of  a  body  is  called 
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the  lifts  of  direction.    If  the  line  of  direction  fall  within  the  base,  the 
body  will  stand ;  if  not,  it  will  fall.    Thus, 


Fi>.  3. 


P 
Fir;.  5. 

let  G  G,  &c.,  be  the  centres  of  gravity  of  four  bodies  standing  on  their 
liorizontal  bases,  nnd  G  P,  G  P,  &c.,  the  lines  of  direction ;  then  the 
bodies  represented  in  Figs.  3  and  4  will  stand,  because  the  lines  of  direc- 
tion fall  within  their  bases.  'Hie  body  represented  in  Fig.  5  will  be  uixm 
the  jwiut  of  fulling,  because  the  line  of  direc- 
tion jiLst  falls  at  the  edge  of  its  base ;  and  the 
b-ody  rcpn>scnted  in  Fig.  6  will  fall,  because 
tlic  line  of  dii-ection  falls  without  its  base. 

AVhen  a  man  canics  a  load  upon  his  back, 
he  leans  Ibnvard,  to  bring  the  centre  of  gravi- 
ty of  his  btxlv  and  the  load  which  he  carries 
within   the  ba<c  formed  by  his  feet.     If  he 
were  not  to  do  so,  the  load  would  be  liable 
to  draw  him  over  backward.     For  the 
same  reason,  when  a  man  walks  up  a  hill 
hc»  leans  tbnvard,  and  when  he  descends 
he  leans  backward. 

A  cylinder  may  be  made  to  roll  up  an 
inclined  plane.  Fix  a  piece  of  lead,  «,  in 
one  side  of  the  cvlindcr  z ;  then  it  vnH 
roll  up  the  inclhied  plane  to  the  position  Fir;,  8. 


Fig.  7. 


8*8',  becaofle  the  oentre  of  gravity  of  the  maag  wQl  endeavor  to  deioe&d  to 
its  bwcBt  point. 
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If  a  body  be  supported  by  a  point  lying  above 
its  centre  of  gravity,  the  body  is  said  to  be  sus- 
pended, and  if  it  be  iiee  to  move,  it  viill  not  rest 
until  its  centre  of  gravity  has  attained  the  low- 
est possible  position.  Thus,  for  example,  if  the 
ball  K  be  suspended  by  the  thread  s  a,  it  will  not 
rest  until  its  centre  of  gravity, «,  attains  the  lowest 
possible  position,  that  is,  in  this  case,  when  the 
thread  hangs  vertically. 

Fig.  1 1  shows  how  two  forks  may  be  suspended 
on  the  point  of  a  needle.  Stick  two  forks,  A  and 
B,  into  a  cork,  C ;  then  stick  a  sewing  needle,  with  its  point  outwards, 
into  the  cork,  and  poise  the  whole  on  the  top  of  a  wriae  glass,  or  on  the 
head  of  a  pin  stuck  into  another  cork.  Here  the 
stability  of  the  s)-stem  depends  upon  the  fact,  that 
the  centre  of  gravity  is  below  the  point  of  support. 

In  like  manner  a  fork  may  be  suspended  over  the 
edge  of  the  table  on  the  point  of  a  needle,  as  shown 
in  Fig.  12.  Here  the  point  of  suspension,  P,  lies  m 
the  vertical  line,  P  C,  passing  through  the  centre  of 
gravity,  C,  of  the  fork. 

To  find  the  centre  of  gravity  of  any  plane  sur- 
face, suspend  it  freely  by  any  point,  and  diaw  iho 
line  of  direction  through  that  point  of  suRpcn*>ion  ; 
suspend  the  surface  by  another  point,  and  in  like  manner  draw  the  line 
of  direction  through  it ;  then  the  intci-section  of  these  two  lines  will 
give  the  centre  of  gravity  of  the  surface. 

Of  all  forms  of  structiux?,  having  the  same  height  and 
base,  the  pyramidal  form  is  the  strongest.  The  pjTa- 
mid  represented  in  Fig.  13,  which  stands  on  a  bix)ad 
base,  is  more  stable  than  that  represented  in  Fig.  14, 
w  hich  has  a  narrow  base ;  because  the  centre  of  gravity, 
G,  must  be  raised  through  a  greater  space  in  the  former 
case  than  in  the  latter  case,  before  they  can  be  over- 
tunicd. 

The  body,  ABC.  (Fig.  15.)  has  a  position  of  stable 
ef/uilibnunif  because  its  centre  of  gravity,  C,  has  attained  '^'^'  *•" 
its  lowest  jiossible  position  ;  whereas  the  body  represented  in  Fig.  10  has 
a  position  of  unstable  c'jmUhriiim,  because  its  centre  of  gravity,  (.',  has 
not  attained  its  lowest  possible  position  ;  the  slicrhtrst  force  will  cause  its 
centre  of  gravity  to  descend,  and  to  occupy  the  position  represented  in 
Fig.  15. 

A  cart  loaded  with  $ione  may  pass  safely  along  a  road  of  which  on« 
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Bide  is  higher  than  the  other ;  but  if  tho  same  eart  u-cre  loaded  viith  ha^ 
it  would  be  overturned ;  for,  though  the  sustaining  base  be  the  same  in 


^: _;.../. 


Fig.  13. 


Fig.  15. 


Fig.  16. 


both  cases,  the  Hne  of  direction  falls  much  within  it  from  the  low  centre 
of  graxity  of  the  stone,  but  very  near  tlie  wheel,  or  altogether  on  the 
ouuidc,  from  the  liigh  centre  of ^  the  hay. 

ITie  feet  of  our  common  chairs,  and  of  tripods,  ore  generally  expanded 
belov/  to  give  a  broad  base,  llic  high  chair,  to  nccommodate  the  little 
child  at  the  dining  table,  is  very  dangerous  if  the  feet  do  not  spread 
much. 

The  famous  leaning  tower  of  Pisa  Is  l>tlicvcd  to  have  been  jnirposdy 
80  built.  Its  height  is  130  feet ;  and  though  its  top  overhangs  the  base 
16  feet,  the  line  of  direction  falls  within  the  base. 

The  upright  form  of  man  stands  firmly  on  a  very  narrow  base,  M-Iiich 
is  the  spaco  occupied  by  his  feet.  The  advantage  of  turning  out  the  toes 
is,  that  without  taking  much  from  the  length  of  the  base,  it  adds  to  its 
breadth. 

A  person  on  rising  from  a  chair  first  bends  the  body  forward  fo  as  to 
bring  the  feet  under  the  centre  of  gravity,  and  then  lilts  the  body. 

^\'hcn  a  man  walks  at  a  moderate  rate,  his  centre  of  gravity  comes 
alternately  over  the  right  and  over  the  left  foot,  causing  the  body  to 
advance  in  a  waving  line.  Persons  walking  aim  in  arm  jostle  each 
other,  milcss  the  movement  of  their  feet  correspond  as  do  those  of  sol- 
diers in  marching. 


LAWS   OF  MOTION. 

26.  First  Law  of  Motion.  A  body  in  motion  will 
move  continually  in  a  straight  line,  ai:d  with  n  uniibrm  veloci- 
ty, if  it  is  not  acted  on  by  any  cxtei*nal  force. 

Many  i>cr?on8  are  apt  to  think  tluit  a  body  in  motion  would  stop  of 
itself;  but  this  is  iu)t  .correct,  for  it  is  only  the  obstacles  which  a  body  in 
motion  meets  with  that  causes  it  to  stop.  Thus,  when  a  body  is  rolled 
•long  a  floor,  the  friction  of  the  fkxx  causes  the  body  to  come  to  a  state 
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of  rest ;  Imt  we  know  that  the  smoother  the  floor  the  farther  "will  the 
body  rolL  The  resiaUmce  of  the  air  also  tends  to  stop  Lodics  m  motion. 
Hence  it  is  that  a  wheel  with  vanes  will  revolve  much  longer  in  the  cx- 
haiistcd  receiver  of  un  air  pimip  than  it  will  do  in  the  oixni  atmosphcTe. 
Gravity  alao  tends  to  destroy  motion :  a  body  thro^'n  upward  coon  loses 
iti  ino6on,  and  returns  to  the  earth's  surface. 

Whenever,  therefore,  a  body  in  motion  comes  to  a  state  of  rest,  >rc 
may  safely  infer  that  some  external  force  or  resistance  has  checked  the 
motion ;  and  that  a  body  in  motion  would  never  stop,  that  is  to  8uy,  it 
would  move  on  and  on  in  a  straight  line  for  e^'cr,  if  it  did  not  meet  with 
any  external  force  or  resistance  to  btop  it. 

Second  Law  of  Motion.  If  any  number  of  forces 
net  at  the  fame  instant  upon  a  body  in  motion,  each  force  pro- 
duces its  full  effect  in  tlie  direction  of  its  action,  juit  as  if  it 
Lad  acted  alone  upon  the  body  at  rest. 

TiUL«,  if  a  l.fill  bo  dronpcrl  from  tl:o  top  of  the  mn«:t  of  a  ship  movinrj 
uniformly,  the  b:Jl  strikvs  the  (le;k  at  iLc  l.ottom  of  the  mast,  and  falh 
prcviM^ly  in  the  same  time  a"  il*  tl.e  bliip  were  at  rest. 

Alihough  the  earth,  by  its  diurnal  motion,  carries  all  bodies  on  its 
Furiucc  iinif.>rnily  from  wc-t  to  et'st,  yet  all  motions  take  place  on  llie 
earth's  surface  just  as  if  it  wore  at  re  t. 

If  a  ball  be  thrown  aldii^  tlic  deck  of  a  vessel  mo>'ing  uniformly,  it 
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will  move  on  the  deck  in  pro(i«'ly  the  J^ame  mnnriCr  n?  if  the  vcs-rl  were 
at  rc-st.  Let  S  rq^rc^scnt  the  didv  ot'  the  vessel  mo\'ing  uniibrmly  in  the 
water.  SuT)po>e  the  vtssrl  to  move  from  S  to  5,  or  that  llio  point  A  movc3 
from  A  to  C  iti  tb'j  sani?  time  tl-at  the  ball  nK»vcs  fiom  A  to  1*.  Now, 
v.hil-t  the  kill  is  iiioviii;;  on  tj.o  IL-e  A  H,  acnj^s  the  dock,  it  is  at  the 
same  time  carritd  with  th?  vc-ssd  from  A  to  C,  and  at  the  end  of  t lie 
tini'j  th»  Ual  is  fnunl  ::t  D  :  so  that  it  ];r(5orvtN  its  two  motion*;;  that  is 
to  -riy,  it  I'Tivts  Ml  t\''  flir  r*i(«i  A  V,  r.>  it  it  lirvl  lu)  oilv.T  moli'm.  ar.d  \  \ 
\'.  :  .i:\'.-i-\\-\.\  A  (' \.:th  tl  :•  v-.  1.  a>  if  it  ha-I  no  (,t)-r  rior'o:^  'i:e 
;  'I  r  '  T)at:i  r.ir>u"  1  !  y  thv  I  ;ill  is  (.vi.hiiily  in  tlie  diu^ud,  A  D,  o/  the 
p-jr:;]i  :loL,;-a.n,  ,V  li  I)  C. 

This  cstabli^^hes  what  is  called  the  paralklogram  of  tnotiorit  which 
may  be  enunciated  as  follows  :  — 
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Parallelogram  of  Motion.  If  two  velocities  be  given 
to  a  body  at  the  same  instant,  the  actual  velocity  will  be  rep- 
resented by  the  diagonal  of  the  parallelogram  formed  upon 
the  two  lines  representing  the  velocities  impressed  upon  the 
body. 

Let  a  body  at  A  (Fig.  17)  have  a  velocity  given  to  it  which  would 
cause  it  to  move  uiiilbmily  from  A  to  C  in  a  given  timc»  and  another  ve- 
locity  at  the  Bomc  instant,  wliich  would  cause  it  to  move  uniformly  from 
A  to  B  in  the  same  time.  Now,  ii'  the  parallelogram,  A  B  C  D,  be  com- 
pleted, the  actual  path  of  the  body  will  be  the  diagonal,  A  D,  described  in 
the  same  time. 

"When  a  boatman  is  rowing  his  boat 
(Fig.  18)  across  a  strong  strcxmi,  the  boat 
has  two  distinct  impulses  given  to  it ;  the 
impulse  given  by  the  man,  which  tends  to 
carry  the  boat  directly  across  the  stream, 
from  A  to  B,  and  that  of  the  stream  itself, 
which  tends  to  carry  the  boat  along  with 
it  iiom  A  to  I).   Under  the  action  of  these  ^''^'  ^^' 

two  simultaneous  impulses  the  boat  moves  in  the  direction  of  the  diago- 
nal, A  C. 

Very  nearly  allied  to  the  parallelogram  of  motion  is  the  parallelogram 
of  forces. 

The  parallelogram  of  forces  is  this :  if  the 
Bides  A  D  and  A  B  (see  Fig.  19)  of  the  par- 
allelogram, A  B  C  D,  represent  the  magni- 
tude and  direction  of  two  forces  acting  at  the 
same  moment  on  the  body.  A,  then  the  diago- 
nal, A  C,  \v\\l  represent  the  magnitude  and 
direction  of  the  resultant  force,  or  the  single 
force  which  the  two  forces  acting  together 
produce. 

Thus,  if  the  body,  A,  be  pressed  in  the  direction  A  B  yjth  a  force  of  S 
pounds,  and  at  the  same  time  in  the  direction  A  D  with  a  force  of  4 
'  pounds,  then  these  two  forces  acting  together  will  produce  a  single  force 
whose  direction  and  magnitude  may  be  readily  found  by  constructing 
the  parallelogram  of  forces.  From  any  scale  of  equal  parts  take  A  B, 
equ.il  to  3  units,  representing  the  force  ii>  the  direction  A  B  ;  from  the 
same  f  cole  take  A  D,  equal  to  4  units,  representing  the  force  m  the  direc- 
tion A  D ;  construct  the  parallelogram,  A  B  C  D ;  then  the  diagonal,  A  C, 
will  be  the  direction  of  the  single  resulting  force,  and  the  units  in  A  C 
will  be  the  magnitude  of  this  force,  viz.,  6  pounds. 
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Third  Law  of  Motiox.  Action  and  reaction  are  al* 
WBTj  equal  and  contrary. 

IT  a  pnwm  presses  the  table  iirith  his  finger,  he  feels  a  lenstance  axising 
from  the  noction  of  the  table ;  and  this  counter-pressure  is  equal  and 
coarrarv  to  the  downward  pressure.  A\lien  a  hoxse  draws  a  load  for- 
ward, be  is  puUed  backward  by  the  load.  Wlicn  a  gun  is  fired,  tlie 
explosion  of  the  powder,  which  gives  the  forward  motion  to  the  ball,  at 
the  same  time  f;ivcs  the  recoil  to  the  gun.  When  a  bird  flics,  it  striken 
the  air  downward  with  its  wings,  and  thereby  produces  a  reaction  suffi- 
cient to  support  it  in  the  atmosphere.  If  a  man  in  a  boat  pull  another 
boat  towards  him,  by  means  of  a  rope,  then,  from  the  law  of  action  and 
reaction,  both  boats  will  mm'c  towards  each  other  in  such  manner  that 
their  momenta  &hall  Ik*  equ:d. 

If  an  clastic  ball  f>c  projected  in  a  direction  perpendicular  to  the  sur- 
face of  a  hard  jiavement,  the  reaction  will  cause  the  ball  to  rebound  in 
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the  dir*xtli>n  *ui  wliich  it  w:ls  ])rojw.'tcd.  Xow,  if  the  ball  Ix*  projected 
r.bUqii'ly,  it  will  n-lHuind  oljliquf.ly,  making  the  angle  of  reflection  ccjual 
to  the  suMjlo  of  iiiciik'nt'c. 

'Die  iiitcT^itv  of  the  :utio-.i  of  aiiv  forn'  is  estimated  bv  the  ma*^s  and 
velocity  of  tlic  l-ody  wlii^h  it  sct-j  iii  motion;  that  is  to  say,  by  the  mo- 
mpimiTii  of  the  Ixuly  Avliich  it  set.s  in  motion.  Thus,  if  a  cannon  ball 
\jc  lifiv  tinus  tho  wci'^lit  of  a  mu^k'-t  ball,  hnt  the  miiftkct  bidl  be  moved 
vith  filtv  times  tlie  vihx'itv  of  the  cannon  Iwll,  thni  l)Oth  balls  will  have 
the  !«:irac  monmituin,  and  will  strike  any  olj^tarle  ■\\-ith  the  same  force. 
Again,  let  A  and  li  be  two  Ixxli-T*  in  motion  :  A  wwghs  8  lbs.,  and  moves 
with  the  velocity  of  3  LA  per  si-n-ond  ;  D  wciglis  4  lbs.,  and  move  with 
the  velocity  of  6  feet  per  second  ;  ih:  n 

>\t.  X  velo. 

,S    X    3  =  24,  momentum  A. 
4    X    T)  =  21,  momentum  B. 
that  i?  to  Bay,  the  momenta,  in  this  case,  arc  equal,  and  the  quantities 
of  motion  in  them  are  equal,  and  the  intensity  of  the  forces  producing 
thoc  motions  are  equal. 
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If  a  body  in  motion  impinges  ni)on  another  body,  the  quantity  of  no- 
tion, or  momentum,  of  tlio  two  bodies  after  impact  will  be  the  same  as  it 
was  lx?fure  impact :  the  momentum  lost  by  the  one  body  is  exactly  the 
same  a<  tliat  which  is  gauied  by  tlie  ether  body ;  and  this  is  true  whether 
the  bodie?  bo  clastic  or  non-ela<lic. 

Ex.  1.  Let  A  and  13  In,'  two  non-clastic  bodies  moving  in  the  same  di- 
rection, and  that  A  impinges  upon  13 ;  let  the  weight  of  A  be  6  lbs.,  and 
its  velocity  8  feet  per  second,  and  the  weight  of  13  2  lbs.,  and  its  velocity 
4  feet  per  second ;  required  the  velodty  with  wliieh  the  two  bodies  will 
move  on  together  after  imixxct. 

Here  the  momentum  of  A  before  impact  =  G  X  8  =  48  ; 

Momentum  of  13  before  impact  =  2  X  4  =  8; 

Momcntuiu  of  ma^^s  after  impact  =  48  -j-  8  =  .50. 

Kow,  Its  tli?1)()jlies  arc  non-elastic,  they  will  move  on  together,  after 
impact,  with  the  same  vclocit  y.  Hut  tlio  common  velocity  of  the  two 
bodies  will  be  found  )>y  dividing  their  momentum  by  the  sum  of  their 
weights,  wliicli,  in  this  ca.se,  is  C  lbs.  -|-  2  lbs.  =  8  lbs. 
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Velocity  of  the  bodies  after  impact  =  ^^    =  7  ft.  per  sec. 

Ex,  2.  ll'.Muired  the  ?amc  as  in  th^  hist  example  when  the  bodies 
move  in  oppo-itc  directions. 

1:1  this  case  the  n;omcntum  of  13  mast  be  subtracted  from  the  momen- 
tum of  A  ;  thus, 

^Momentum  after  imjiact  =  48  —  8  =  40; 

40 
Velocity  of  the  bodies  after  impact  =  ■  -  =  o  ft.  per  Fee.     Ans, 

AVhen  the  I  odie.s  are  elastic,  the  ca^c  is  somewhat  diiFcrcnt ;  for  they 
do  7wt  move  on  together  after  impact  with  a  common  velocity,  owing  to 
the  reaction  of  the  clastic  matt.Tial  of  which  the  bodies  are  composed. 

The  ecpjality  of  action  and  reaction  in  the  collision  of  bodies  may  be 
illustrated  In-  the  following  .shnplc  e-\pojimental  apparatus :  A  and  li  are 
two  balls  snsi)cndcd  by  equal  strings,  A  C  and  13  C,  c 

60  that  the  b:dls  may  be  in  contact  with  each  otb.cr  ; 
E  F  is  a  graduated  arc,  of  which  C  Is  the  centre, 
over  which  the  balls  may  oscillate.  One  of  the 
balls,  A,  is  drawn  aside  along  a  certain  number  of 
the  arc,  and  then  allowed  to  fall  and  strike  the  other 
ball,  13,  which  will,  in  consequence  of  the  collision, 
move  up  the  other  portion  of  the  arc.  The  velocity 
with  which  A  impinges  upon  13  Ls  measured  by  tlie 
number  of  degrees  of  the  arc  through  which  it  falls, 
and  tho  velocity  of  the  bodies  after  impact  is  measured  by  the  number 
of  degrees  of  the  arc  through  which  they  ascend. 
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Eip*  3.  Let  the  two  balb  be  composed  of  soft  clay,  or  any  other  non- 
dacttc  substance ;  then  after  impact  they  ynH  move  on  together  with  a 
oommoa  Telocity,  which  may  be  calculated,  as  in  Ex,  2. 

Suppose  the  bolls  to  be  equal  in  weight,  and  that  A  impinges  upon  B 
at  rest ;  then  the  two  bails  will  move  together  with  a  velocity  due  to  that 
which  A  had  at  the  moment  of  impact.  And  so  on  to  other  cases,  which 
may  be  readily  verified  by  experiment. 

Let  the  two  bolls  be  composed  of  ivory,  or  any  other  substance  which 
b  nearly  perfectly  clastic,  and  let  them  be  of  the  same  sLse.  Suppose 
the  ball  A  to  inqnnge  upon  the  ball  B  at  rest ;  then  after  impact  A  will 
remain  at  rest,  and  B  will  move  on  with  the  same  Telocity  as  A  had  at 
the  moment  of  impact  In  this  case  tho  reoction  of  elasticity  causes  the 
boU  A  to  stqpb  and  the  ball  B  to  move  forward  with  the  motion  which  A 
had  at  the  instant  of  impact.  And  so  on  to  other  cases,  which  may  bs 
readily  verified  by  experiment. 


EFFECTS   OP   GRAVITY. 

Falling  Bodies. 

27.  It  has  already  been  explained  that,  since  gravity  is  a  constantly 
acting  force,  it  causes  bodies  to  fall  quicker  and  quicker  hi  the  course  of 
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thdr  descent,  and  that  the  yelocitj  acquired  at  any  inatant  is  propor- 
tional to  the  time  of  descent.  Now,  in  1  second  a  body  falls  throogh  16^j 
feet;  in  2  seconds  it  fulls  through  4  times  16]A|>  feet,  m  64^  feet;  in  3 
'  seconds  it  falls  through  9  times  16^  feet,  or  1442  feet;  and ^K>  on,  the 
law  of  descent  being  as  follows :  the  tpace  pasted  over  bjf  a  f ailing  body 
i»  equal  to  16  X2  f^  multiplied  by  the  square  of  the  number  of  aeoondt 
during  which  the  body  has  been  faMingm  Thus  the  space  moved  orer  in 
3  seconds  is  equal  to  3'  X  l^iV  ^^  ^^  \^^^  feet,  and  the  space  moved 
over  in  4  seconds  is  equal  to  4*  X  l^iV  ^<^  ^=  ^bl^  feet ;  and  ao  on. 

Fig.  22  shows  the  relation  between  the  time,  space,  and  velocity  ac- 
quired by  a  falling  body. 

A  glance  at  Fig.  22  will  show  that  the  spaces  fallen  through  in  each 
successive  second  arc  as  the  numbers  1,  3,  5,  7,  &c. ;  that  is  to  say,  fbr 
example,  the  space  fallen  through  during  the  3d  second  will  be  equal  to 
6  times  IGxV  ft-  or  80i^  ft 

Ex,  1.  Through  what  space  will  a  body  fall  in  6  sec  ? 

Atis.  402xV  ft 

Ex.  2.  Through  what  space  will  a  body  fall  in  2  j-  sec. } 

Ane.  lOOf  I  ft 

Ex.  3.  What  space  will  a  body  descend  during  the  4th  second  of  its 
fall?  ^4fM.  112fjft 

Ex,  4.  In  what  time  would  a  body  acquire  a  velocity  of  160^  ft  r 

Ane.  6  sec 

y 

When  a  body  is  projected  vertically  upward,  its  motion  is 
uniformly  retarded,  and  it  will  rise  to  the  same  height  as  that 
from  which  it  would  have  to  fall  in  order  to  acquire  the  ve- 
locity of  projection. 

Thus,  for  example,  if  the  body  be  projected  vertically  upward  with  a 
velocity  of  3  times  32  j,  the  force  of  gravity  will  destroy  all  its  motion 
in  3  seconds  so  that  the  height  to  which  it  will  rise  will  be  equal  to 

3*  X  16xV  ft-  =  1*^2  ft- 

Ex.  1.  If  a  body  be  projected  vertically  upward  with  a  vdodty  of 
193  ft  i)er  second,  to  what  height  will  it  ascend?  An*.  579  ft 

Ex.  2.  If  a  body  be  projected  vertically  upward  with  a  velocity  of 
64^  ft,  in  what  time  will  it  return  to  the  ground  ?  Ant.  4  sec. 

Projectiks. 

28.  When  a  body  is  projected  obliquely  in  the  air,  it  de- 
scribes a  curved  line,  whic]i  is  called  a  parahobu 
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Were  it  not  for  the  force  of  gravity,  the  body,  according  to  the  first 
law  of  motion,  would  move  uniformly  on  in  the  direction  of  the  straight 
line  in  which  it  is  prcjected ;  but  the  force  of  gravity  causes  it  to  be  de- 
flected from  this  straight  line ;  so  that,  under  the  combined  action  of  the 
force  of  projection  and  that  of  gravity,  the  body  moves  in  a  curved 
Une.  When  the  body  reaches  the  highest  point,  it  descends  in  a  cun'e 
which  IB  exactly  the  same  as  the  curve  which  it  pursued  in  its  ascent. 


Fiff,  23. 


I^t  a  body  be  projected  in  the  line  a  b  (see  Fig.  23,)  with  a  velocity 
which  would  cairy  it  (if  gravity  were  not  acting)  from  a  to  I  in  1  sec- 
ond, from  a  to  II  in  2  seconds,  and  so  on ;  then  the  path  of  the  body  will 
be  in  the  parabola  a  d  ofth  where  e  Is  the  hiirhcst  ix^int  of  ascent,  and 
the  curve  ef(joi  descent  has  the  same  form  as  the  curve  a  d  e  of  ascent. 
The  path  of  the  projectile  may  be  found  in  the  following  manner :  — 
Draw  the  vertical  a  c;  take  a  A  =  IC-jS,  the  space  through  which  a 
3*  "      • 
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body  will  fall  in  1  second ;  a  /  =  4  X  16iV*  ^^  space  through  which  a 
body  will  iull  in  2  seconds ;  ak  =  9  X  16|^,  the  space  through  which 
a  body  will  lull  in  '6  seconds ;  and  so  on :  draw  h  d,  t  e,  kf,  &cm  parullel 
to  a  6,  and»  intersecting  the  verticals  drawn  through  the  point:^  I,  II,  III, 
&c.,  in  the  points  c/,  e,/,  Sic.,  then  the  path  oH  the  prqjectile  will  be  in 
the  curve  o  d  ejg, 

jHic  Pendulum, 

29.  The  times  of  die  vibrations  of  the  pendulum  are  very 
nearly  equal,  whether  it  be  moving  much  or  little  ;  that  is  to 
say,  whether  the  arc  described  by  it  be  large  or  small. 

Ucncc  it  is  employed  to  rcp^ulate  the  machinery  of  our  •clocks.  The 
time  which  a  pendulum  takes  to  make  n  viljration  depends  upon  its 
length ;  it  u)  weU  knonn  that  the  longer  the  pendulum  the  greater  is  the 
time  which  it  takes  to  pcribnn  a  vibration.  It  has  been  ascertained  that 
the  lengths  of  different  pendulums  vary  as  the  squares  of  their  respective 
times  of  vibrations  :  thus,  a  pendulum  which  vibrates  in  3  seconds  must 
be  nine  times  the  Icngtli  of  a  jxMidulum  which  vibrates  in  1  second ;  a 
pendulum  which  vibrates  in  half  a  second  must  be  a  quarter  the  length 
of  a  pendulum  wliich  vibrates  in  1  second ;  and  so  on.  The  length  of 
a  penduliun  \'ibrating  seconds  at  London  is  about  39^  inches,  and  there- 
fore the  length  of  a  pendulum  to  vilirate  half-seconda  must  be  the  quar- 
ter of  39^  inches,  or  about  9  J  inches. 

Motion  round  a  Centre* 

30.  When  a  body  moves  round  a  centre,  it  is  acted  upon 
by  two  forces,  viz.,  the  force  of  projection^  wliich  gives  the 
body  motion,  and  the  centripetal  fonre,  or  centre-seeking  force, 
which  retains  it  in  its  circular  path,  thereby  preventing  it  from 
flying  off  in  a  straight  line,  or  in  a  tangc»nt  line  to  the  curve. 
This  tendency  to  fly  off  in  a  tangent  is  called  the  centrifugal 
force,  or  centre-flying  force.  This  force  is  counteracted  by  the 
centripetal  force. 

Such  w  the  motion  of  the  planets  round  the  srm,  and  the  FaU'lIitcs 
round  their  respective  primaries.  The  gravitation  of  the  phmrts  towards 
the  sun  is  the  centripetal  force,  and  the  for:'e  of  j^rojtnition  we  assume  to 
have  been  at  first  given  to  the  various  planets  by  the  hand  of  the 
Creator. 

One  of  the  most  fjuniliar  instances  of  motion  round  a  centre  is  the 
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'whirling  motion  given  to  a  stone  in  a  sling.  Here  the  propelling  force, 
or  the  force  of  projection,  Lj  given  by  the  hand,  and  the  cciitrii)etal  force 
is  exhibited  in  the  tension  of  the  string ;  when  we  quit  the  string,  the 
centripetal  force  no  longer  acts,  and  the  stone,  by  the  action  of  the  cen- 
trifugal force  generated  by  the  whirling  motion,  flies  off  at  a  tangent. 

When  we  whirl  a  mop,  the  water  flics  from  it  by  the  action  of  the 
centrifugal  force,  and  the  threads  of  the  mop  assume  the  form  of  a  sphe- 
roid, or  of  a  sphere  flattened  at  the  poles  of  revolution.  In  like  manner 
the  earth  in  a  great  globe  flattened  at  the  poles.  The  rotiUion  of  tlie 
earth  upon  its  axis  has  caused  the  equatorial  part«i  to  bulp:o  out. 

When  a  carriage  is  moved  rapidly  round  a  comer,  it  Is  very  liable  to 
be  overturned  by  the  centrifugal  force  thus  brought  into  action. 

Wlien  an  animal  moves  round  in  a  circle,  he  leans  towaids  the  centre, 
in  order  to  counteract  the  centrifugal  force. 

"VMien  railways  form  a  rapid  curve,  the  outer  rail,  D,  (Fig.  24,)  is  laid 
higher  than  the  inner  rail,  E,  in  order  to  counteract  the  effect  of  the  ccn- 


o 


li    c 
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tilfu;:al  force,  ^vhich,  acting  tlimui^h  the  centre  of  gi-avity,  O,  of  ihc  car- 
rl-v^i",  iias  a  tendency  to  thiow  it  oif  the  line.    The  ri>e,  K  1),  of  the  outer 
rail  v»:ll  of  fOurMj  fiqxiul  ii];on  tlie  (|uici•:llc^t;  of  the 
curve  and  the  l-.rcadth  of  tlie  n.il. 

The  fcillowing  instructive  experiment  i.s  sometimes 
pc-rfonncd  by  conjurers  :  A  1*  i.s  a  hoop  'whit.h  lo 
Tolvcs  nj^n  an  axLsi,  O ;  AV  is  a  Avir.e  glass  of  water 
placed  within  the  hoop.  Now,  when  a  rapid  motion 
of  rotation  is  given  to  the  hoop,  the  wine  ^lass  of 
water  l**  sustained  in  its  place  })y  the  eentrifni::al  force 
that  is  thus  generated:  and  if  the  cxjK'rimont  be  care- 
fully made,  not  a  single  drop  of  water  will  be  tlirown 
horn  the  glass. 


Fij.  25. 
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LABORING    FORCES. 

31.  When  work  w  pcrfonned  by  any  agent,  there  is  always  a  certain 
weight  or  resistance  moved  over  a  certain  space.  The  amount  of  work 
done  "will  obviously  depend  upon  the  weight  or  resistance  that  is  moved, 
and  the  space  over  which  it  is  moved.  In  order  to  estimate  the  amount 
of  work  done  by  any  laboring  force,  it  is  requisite  that  we  should  tix 
upon  some  unit  of  work.  Now,  the  unit  of  work  adopted  in  this  coun- 
try is  the  labor  expended  in  raising  a  pound  weight  one  foot  high  in  op- 
position to  gravity  ;  or,  what  amounts  to  the  same  thing,  it  is  the  hibor 
expended  in  moving  a  resistance  of  one  powid  through  the  space  of 
one  foot  in  opposition  to  the  direction  in  which  the  resistance  acts.  From 
tliis  dcdnition  of  a  unit  of  woik  it  Ibllows,  that 

The  work  expended  in  raising  any  body  in  opposition  to 
gravity  is  equal  to  tlie  product-of  its  weight  in  pounds  by  the 
vertical  space  in  feet  through  which  it  is  raised. 

For  example,  the  work  expended  in  raising  60  lbs.  to  the  height  of  20 
fcn?t  will  be  etjual  to  60  X  20  =  1000. 

In  calculating  the  work  rcqui&ite  to  pump  water  from  a  mine,  it  is 
only  necessary  that  we  should  find  the  weight  of  the  water  in  pounds 
and  tlien  multiply  this  result  by  the  depth  ol'  the  mine  in  feet. 

\\'hcn  a  horse  draws  a  carriage  along  a  road,  the  work  which  he  por- 
fomis  is  expended  in  o\*crcoming  the  resistance  of  the  friction  of  the  road 
to  the  motion  of  the  carriage.  Now,  on  any  given  road,  this  resistance 
of  friction  is  simply  proportional  to  the  weight  of  the  load ;  so  that,  in 
calculating  the  work,  we  allow  so  many  pounds'  resistance  for  every  ton 
wci;;ht  in  the  load.  The  work  in  this  case  will  be  found  by  multiplying 
the  total  KMstance  of  friction  in  pounds  by  tlic  space  in  feet  over  which 
the  carriage  is  moved. 

It  is  also  customary  to  express  work  in  units  of  a  horse  potcer,  "Watt 
estimated  that  a  horse  could  perform  33,000  units  of  work  per  minute ; 
this  work,  therefore,  w  called  a  horse  xwwcr.  In  order,  therefore,  to 
d'otennine  the  number  of  horse  powers  of  an  engine  requisite  for  per- 
forming a  certain  amoimt  of  work,  we  must  first  find  the  number  of 
nnits  of  work  which  must  be  done  per  minute,  and  then  divide  this 
result  by  33,000  to  find  the  number  of  horse  lowers. 

Examples. 

Ex.  1.  How  many  horse  powers  would  it  take  to  raise  2  cwt.  of 
coals  per  minute  from  a  pit  whose  depth  is  100  fathoms  ? 

Weight  of  the  coals  m  lbs.  :?=  2  X  112  =  224 ; 


LABORINO   FOBCES.  3d 

Depth  of  the  pit  in  feet,  =      6  X  100  =        600 ; 

Work  to  be  done  per  min.,  =  224  X  600  =  134.400 ; 

-.        ,^  134,400 

Ao.  of  hflise  powers,  =  =  4.07,  Ans. 

uu,000 

fc.  2.  Kequircd  the  same  as  in  the  la&t  example,  ^hcn  the  Trdght 
of  the  ootk  is  1  cwt.,  and  thedepth  of  the  pit  is  400  fathoms. 

Atu.  8.14. 

Ex,  3.  How  many  horse  powers  would  be  required  to  raise  1000 
culic  feet  of  water  per  hour  from  a  mine  whose  depth  is  ninety  fathoms  ? 

Wdgfat  of  water  in  lbs.  =»  62^  X  1000  »  62,d00  lbs. ; 

Depth  of  the  mine  in  feet  s  6  X  00  =  540  feet ; 

Work  to  be  done  per  hour  «=  62,.500  X  540 ; 

^    .        ,     ^  .  62,500  X  540 

WoKk  to  be  done  per  mm.  «= — =  02,500  X  9 ; 

V    -*  V  ^2,500  X  0 

Ao.  of  horse  powers  =      ^.^^  ^^  -  =  17.  Ana, 

Ex.  4.  Required  the  same  as  in  the  last  example,  when  the  nimibcr 
of  eubic  feet  of  water  =  1250,  and  the  depth  of  the  mine  =  43  fath- 
oms. Alls.  10.1. 

£x,  5.  If  a  man  can  perform  2500  units  of  -work  per  minute,  in 
what  time  -will  he  pump  100  cubic  feet  of  water  from  a  well  whose  depth 
is  500  feet  ? 

Work  to  be  done  =  100  X  C2.5  X  500 ; 

100  X  62.5  X  500  12o0 

Time  to  do  the  work  = .  ^ c=  1250  minutes,  =  -77— 

=  20.83  hours  Aus. 

Ex.  6.  Required  the  same  as  in  the  last  example,  when  the  number 
cf  cubic  feet  of  water  =  50,  and  the  depth  of  the  well  =  250  feet. 

Alls.  5.2  hours. 

Ex.  7.     What  must  be  the  horse  jwwcrs  of  a  locomotive  engine  which 

mo\-C9  at  the  steady  .epeed  cf  30  miles  per  hoi^r.  on  a  level  rail,  the  weight 

of  the  train  being  25  tons,  and  the  resistance  of  friction  at  the  rate  of 

8  lbs.  for  every  ton  ? 

Total  resistance  of  friction  =  8  X  25  =  200  lbs ; 

30  X  5280 
Distance  this  resistance  is  moved  over  in  ft.  per  min.  = 

Bs  2640  feet ; 

Work  to  be  done  every  minute  =  200  X  2040  ; 

200  X  2G40 
Hone  powezB  of  the  engine  to  do  this  work  =  — JTffJJio       =^  ^  ^  hoi^e 

pcwen,  Am, 

Er.  8.  Beq[aircd  the  same  as  in  the  last  example,  when  the  speed  «= 
25  nukSf  and  the  weight  of  the  engine  =  60  tons. 

Aus,  32  horse  powers. 
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Gtneral   Vietcs  relative  to  Machines. 

32.  The  object  of  macliinery,  picperlir  so  called,  is  to  Tcgulntc  the  dn- 
Uibution,  or  change  tho  direction  of  work,  not  to  increase  iL  If  thae 
vcTG  no  Inction  oi  any  other  rcaiatniiccs  to  tlic  motion  of  the  pieces  com- 
pDsbg  e.  muchino,  the  work  tliat  would  bo  given  out  would  be  exactly 
equal  to  the  work  applied.  Dead  matter,  by  its  gravity,  produces  {to- 
Burc,  and  by  the  intermition  of  mechanism,  that  pressure  may  be  in- 
creased or  decreased ;  hut  icort  is  peculiarly  the  production  of  active  cr 
living  agents.  To  suppose  that  maebinea  are  capable  of  augmenting 
work  would  be  endowing  inert  matter  with  a  creative  power —  llie 
power  of  creating  work. 

In  qU  iiu>tuiice«  of  labor  performed  by  inanimate  matter,  there  is 
some  active  agent  of  nature,  euch  na  heat,  electricity,  or  gravitaticn, 
which  gives  ri^e  to  the  work  ;  but,  in  the  cow:  of  merely  mechanical 
arrangements,  the  inert  matter  ia  the  postivc  rceiiBcnt  of  work,  or  the 
chomicl  through  which  it  Bovri.  Ilcncc  wc  may  lay  it  down  as  a  fun- 
damcritul  axiom  in  mnluuiics,  that  (abstracted  [mm  iriction  and  the 
roistance  of  the  aiij  t/ic  mrk  done  hi/  any  niar'iiiw  is  the  tame  at  the 
vark  apjilkil.  Now,  as  the  work  is  the  product  of  pressure  and  motion, 
it  follows  tliat,  if  flic  working  point  of  a  mothinc  muvca  more  slowly 
than  the  driving  point,  then  the  prcsaure  at  the  former  will  be  greater 
Ihun  it  is  at  the  latter.  ITius,  for  eiumplc,  if  the  power  applied  to  the 
extremity  of  a  lever  moves  twice  as  fort  os  tic  weiglit  or  resistance  at 
the  other  extremity,  then  tho  imssurc  of  the  power,  iu  order  to  raise  the 
wdght,  must  be  only  one  half  of  tlic  pnssure  of  the  wdght  or  resist- 
ance, ibr  then  the  H-ork  applied  by  tlic  power  would  be  exactly  equal  to 
the  work  done  iii  raising  the  wtaght  or  resistanee.  So,  in  like  manner, 
in  any  oirangcment  of  wheels  or  pulleys,  if  the  power  applied  moves 
say  nine  tiinci<  as  toft  as  the  resistance  or  wdght  to  be  raised,  then  tbe 
pressure  of  the  power,  in  order  to  niir<e  tlic  wdght,  must  be  only  one 
ninth  of  the  jiressiire  of  tho  weight  or  rn-Lstoncc. 

Thus  it  appears,  fiom  the  piiiidple  of  the  cijuality  of  work,  that  where 
the  power  applied  to  a  inochino  is  just  ohlc  to  raL=o  the  weight  or  resist- 
ance. (Aa  pnicrr  and  tlm  might  will  bs  to  each  other  iavertely  at  their 
velocitica;  or.  in  othi:T  wordii.  the  weight  moved  will  be  as  many  tinm 
gienlcr  than  the  power  applied  to  mi.ve  it.  us  the  velocity  of  the  power  is 
greater  than  that  of  the  weight.  Xow,  the  number  of  times  that  tho 
Keight  is  greater  than  the  power  it  called  the  advantage  gnbcd  by  the 
machine.  Hence  the  advantage  gained  is  equal  to  the  number  of  times 
that  the  velocity  of  the  power  is  greater  than  that  of  the  weight ;  or,  in 
moro  precise  lan^ua^ 

The    ailvnntflge    gnincd   by  a   machine   U  equal   to  tbe 
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velocity   of  the  power  divided  by  the  velocity  of  the  re- 
sistance. 

ITiifi  is  sometimes  called  the  principle  of  virtual  velocities.  Practical 
men  express  t^'^  law  by  «iying,  **  \V/uU  you  gain  in  jwiccr  you  lose  in 
•peed:'  « 

MECHANICAL   POWERS. 

The  simple  maehinest  or  mechanical  powcrfit  as  they  have  been  called* 
—  the  lever,  the  wheel  and  axle,  tlic  pulley,  the  inclined  plane,  tlic 
wedge,  and  the  screw,  —  enable  man  to  adopt  any  8i)ccies  and  speed  of 
power  which  he  can  command,  to  ahnost  any  work  which  he  lias  to 
accomplish.  But,  as  we  have  already  explaincil,  the  advantage  pained  is 
amply  an  advanta^  of  pressure,  not  of  work ;  for  what  is  gained  in 
pressure  is  lost  in  Fpecd,  and  therefore  the  actual  amount  of  work  done 
by  means  of  the  mcchamcal  jjower  is  neither  increased  nor  decreased  ;  in- 
deed, if  the  friction  of  the  parts  of  the  machine  is  taken  into  accoimt, 
the  work  done  by  it  is  really  less  than  lliat  Mliieh  %vGuld  be  done  by  the 
man  laboring  without  tlie  intoA'ention  of  ^ucll  iiiaclLLii'wTy. 


T/ic  Lever, 

33.  The  lever  i.-;  an  inHexiblo  bar  or  rofl,  tiimiiioj  on  a 
pivot,  which  is  called  ihi\  fnlrrnni.  It  is  Uscd  for  raising 
heavy  weights  over  a  short  distance. 


^    ^^4 


>o.  2. 


F/y.  2G. 


Thus,  P  Vd't  (Fii^.  20)  rcprcsnit^  a  crowhar  or  lever,  W  the  rc?istmicc, 
F  the  fulcrimi,  and  P  the  jjoiiit  at  which  the  power  is  aj-plied. 

Fig.  27  represents  a  lever  ;  (.',  tlie  fulLTuiu  or  centre  of  motion  ;  1'  C, 
the  arm  to  wliich  the  pressure  of  the  jujAver,  P,  Ls  apjilirJ;  and  C-  \V, 
the  arm  to  wliich  the  pressure  of  the  weight,  or  resistance,  AV,  is 
oppHed.  ^ 

Now,  when  the  lever  comes  to  the  position  p  tr,  the  power,  P,  has 
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moredoTer  tbcoTG  P  ;>,  ^'hile  the       y 

wdght  W  has  moved  over  the  arc      T 

W  ic ;  these  ores,  therefore,  icspec-     p  ■ 

lively  represent  tha  velocili£a  of  ^. 

P  and  W.  \      ,,^*''' 

Ilcre,^   the  arm    C  P  frare      Pt^"' 
doable  the  aim  C\V,  tho  velocity  Fig.  27. 

<^  P  would  be  double  that  of  W, 

Ibr  a  double  ladiua  would  sweep  over  a  double  arc ;  and  tf  the  arm  C  P 
■were  three  times  the  length  of  the  arm  C  \V,  the  velocity  of  P  wtaild 
be  three  times  that  of  W ;  oiid  so  on :  so  that  the  velocity  of  the  power 
in  09  many  times  the  velocity  of  the  weight  as  the  aim  by  which  the 
power  acts  is  longer  thau  the  onit  bj'  which  the  weight  acts ;  and  ihcre- 
foRi  from  what  has  been  cxpluined,  the  advantage  gained  will  be  fbfilid 
by  finding  the  number  of  times  tliat  the  anu  C  P  is  greater  than  the  arm 
C  W  1  thus,  if  C  F  be  3  times  the  length  of  C  W,  the  advantage  gained 
will  be  3,  and  a  prcseure  of  1  cwt.  at  F  will  nax  a  resiitance  or  weight 
of  3  cwt,  at  W.  Again,  if  C  P  =  fi  feet,  and  C  W  =  )  fcot,  then  the 
•dvantage  gained  will  be  10,  because  fi  feet  are  equal  to  10  times  i  foot ; 
and  to  on  to  other  cases. 

34.    Lererd  arc  divided  into  three  hinds,  according  to  the 
"/"    relative  positions  of  tlie  power  and  weight  with  respect  to  the 
fulcniro. 

Fig.  28  rqiresentF  a  lever  of  the  /ra(    *  "  r        b 

and,  where  the  power  P  and  weight  W  I  /\       I' 

act  on  opposite  sides  of  the  fulcrum  F,         I  ^  1^ 

Fig.  28,  No.  1,  also  represents  a  lever  of      j^  (^ 

the  first  kind.  ^ 

Fig.  29  rcpwaents  a  lever  of  the  Kconil      ^  p^    jg^ 

tinrf,  where  .the  power  F  and  wright  W 

act  on  the  sonic  aide  of  the  fidcrum  F ;  but  W  is  nearer  to  the  fulerum 
than  P.    Fig.  28,  No-  2,  also  repnaents  a  lever  of  the  second  kind. 


t 


J 
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Fig.  30  repreBcnts  a  lever  of  the  third  kind,  'where  the  power,  P,  and 
weight,  W,  act  on  the  same  side  of  the  fulcrum,  F  ;  but  P,  in  this  case, 
is  nearer  to  the  fulcrum  than  W. 

When  a  man  raises  a  ladder  against  a  wall,,  (see  Fig.  31,)  he  employs 
« lever  of  the  third  kind.    In  this  case,  the  fulcrum  is  at  the  foot  of  the 
ladder,  the  power  is  applied  by  the  hand  of  the 
man,  and  the  resistance  is  the  weight  of  the 
ladder  itself,  which  acts  through  its  centre  of 
gravity,  O. 

^[n  the  lever  of  the  second  kind,  (see  Fig.  29,) 
if  the  arm  A  F,  by  which  the  power  acts,  is  5 
feet,  and  the  arm  BF,  by  which  the  weight 
acta,  is  2  fc(^  then  the  advantage  gained  will 
be  5  -r  2  =  2i ;  that  is  to  say,  a  power  of  1 
cwt.  applied  at  A  will  just  balance  a  weight 
of  2^  cwt.  appUcd  at  B,  and  a  power  of  60  lbs. 
applied  at  A  will  balance  a  weight  of  2i  times 
60  lbs.,  or  150  lbs.,  applied  at  B ;  and  so  on  to 
other  cases. 

In  the  lever  of  the  third  kind,  (see  Fig.  30,) 
there  is  power  lost ;  for  example,  if  B  F  be 

twice  A  F,  then  a  weight  of  1  cwt.  suspended  at  B  will  require  a 
power,  P,  of  2  cwt.  applied  at  A  to  sustain  it. 

A  ]X)ker,  as  it  is  usually  employed  in  stirring  the  fire,  is  an  instance 
of  a  lever  of  the  first  kind ;  where  the  bar  of  the  grate  is  the  fulcrum, 
and  the  resistance  moved  is  the  coal  of  the  fire,  llie  clawed  hammer, 
as  it  is  uijcd  in  drawing  out  a  nail,  is  also  a  lever  of  the  first  kind.  The 
nut-cracker,  the  oar,  &c.,  are  levers  of  the  second  kind.  The  fire  tongs, 
the  sugar  tongs,  &c.,  belong  to  levers  of  the  third  kind. 


Fig,  31. 


Wheel  and  Axle. 

35.  This  mechanical  power  is  only  another  form  of  the  lever,  where 
the  power  Ls  made  to  act  without  intermission.  In  its  most  simple  form, 
it  consists  of  a  horizontal  axle,  A,  (Fig.  32,)  and  large  wHfeel,  R,  which 
turn  upon  two  pivots  supported  in  gudgeons.  A  cord  wrapping  round 
the  ^Ic,  A^  sustains  the  weight,  W,  and  another  cord  wrapping  round 
the  whcd,  K,  in  a  contrary  direction,  sustains  the  power,  P.  These 
forces  always  act  in  the  direction  of  a  tangent  to  the  circle.  Here  the 
leverage  of  the  power  is  the  radius  of  the  wheel,  and  the  leverage  of  the 
weight  is  the  radius  of  the  axle ;  hence  the  advantage  gained  is  equal 
to  the  number  of  times  that  the  radius  of  the  axle  is  contained  in  the 
radius  of  the  wheel :  thus,  if  the  radius  of  the  wheel  ia  24  inches,  and 
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that  of  the  KxXc  3  inthi?,  then  the  Bdvaclagc  gained  would  be  S,  and  « 
power  of  1  c«l.  apjjliwl  to  the  whwl 
«-ou]d  balance  a  vi'iglit  of  8  cwt. 
■uspoidcd  from  the  axle. 

3G.  The  wiiidluvi  L<  only  another 
fonn  of  tiic  wheel  atid  ojilc,  tvhere  the 
bundle  C  n  i»  Eul»tituted  in  the 
place  of  the  -nhccl.  In  this  cose,  the 
advantage  gained  i«  r<|ual  to  the  num- 
ber of  times  that  the  length  of  handle 
U  grenter  than  the  tailiua  of  the  Bxlo : 
thus,  for  example,  If  the  length  of  the 
handle  is  18  inches,  and  the  radiua  of 
the  Sjdc  ia  2  iueho,  then  the  advantage  wtnild  be  9,  and  a  ptMBtire  of 


FiS.32, 


60  Its.  applied  at  the  handle  would  just  raise  a 
00  lbs.,  or  510  lbs. 


Combination  of  Wheels  and  Axiei. 


■n-hccl.  t 


37.  In  Fig.  31.  F  L. 
B  C  its  axle,  turning  upon  a  con 
its  axil- 1!  sa'taininR  (ho  ivciKht, 
W.  The  motion  of  the  axle 
n  C  LI  transmitted  to  the  whtel 
A  by  moans  of  a  cord. 

To  calculate  the  advantage 
gained,  let  the  radius  of  the 
■wheel  F  bo  18  inches,  that  of 
its  asle  B  C  2  inches,  the  radius  ■ 
of  the  whcd  A  D  30  inches, 
and  that  of  its  axle  E  3  inches ; 
tlieii  the  odvBQtago  gained  by 
tl»  £m  wbed  and  axle  will  be 
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equal  to  18  4-  2  =  9,  to  that  if  P  be  1  Ih.,  A  wi!l  produce  a  force  of  0 
Ibg.  on  the  cord  C  i.  The  ndvantngc  gained  by  the  t*fo:id  w1;cl'1  and 
Mk  will  be  3G  -T-  f  =  12,  to  that  a  lor,:e  of  1  It.,  npplud  to  the  tord, 
C  A,  will  Bustain  a  weight  \V  of  12  lis. ;  ami  ihiTcforp  a  ivii^lit  of  9 
Um.  apphcd  to  the  cord  C  A  wilt  Bustuiii  a  weight  \V  of  0  linu^  12 
B»..  01  103  Ibi.  1  EO  that  the  total  advuiilagc  gained  wUl  be  IDS. 

Coaged   Wheals. 

33.  Let  D  (Fig.  S3)  be  a  cojged  or  lootheit  irAeel,  luming  upon  the 
lamc  axis  as  the  whud  0 ;  Q  another  cogged  wheel,  acted  upoD  bj  the 
former,  and  turning  upon  the  same 
oxU  as  the  axle  L  From  the  nhod 
C,  ia  inj«pcncled  the  power  P,  and 
from  the  oile  I,  the  wdght  W; 
then  while  1*  dticeiide,  the  wheel  C 
and  tlic  cog  D  will  be  turned  round, 
sad  a  con&pondlnjfaiumbcr  of  tcctb 
in  the  rog  Q  will  be  turned  in  a  con- 
trary dinpct^on  ;  and  thus  the  cord 
I  \Y  will  he  ™il«l  up  upon  tht-  axle 
I,  nnd  the  wciglit  W  will  be  raised. 

When  the  radii  of  the  wheels  and  axles  a; 
paiiicil   by   thit    machine   nill    be 
found  in  the  Mine  manner  as  in  the  ,— 

forcgoirg  corahin^ilion. 

110.  ^Vhc>l  the  axle  is  placed  in 
a  verical  jKi-iiioii,  and  the  power 
is  opplied  by  incanfof  larsorltTeis 
inserted  inio  ihe  holra  at  II.  ai 
fhoH-n  in  Fig.  3.j,  the  machine  is  ' 
callnl  a  mjM'aii.  In  thi<  case,  the 
cable  eoil-t  round  the  nxic  in  the 

form   of  an    endlw^    riipe,    which      ^^ ~ — 

winiU  mimd  llie  lower  part  of  Ihe  J 

n\lc,   and   nt  the  same  time  un- 

wind-t  from  the  upper  part.    The  axle  i'  made  e 


itcol.  to  enable  the 


workman  to  shift  the  cable  upwards  as  it  becomes  n 

40.  Thepijfrrtji^,  rcprcMMited  in  Fig.  36o,  isau«ful  opiilicalion  of  the 
whci-t  and  axle;  D  O  is  a  vertieid  beam,  resting  a-; well  as  turning  upon 
0  jMvot  ot  ila  lindcr  end,  and  supported  in  its  ujiriirhl  posit-on  by  stays 
in  Ihe  floor,  with  rollers  attached  to  them  ;  K  B  i'  an  arm  projecting 
fiom  the  beam  D  O,  having  a  pulley  B  at  its  extremity ;  the  axes  of 
the  wbeel  work  are  nippottcd  by  two  cast  iron  ctnstes,  bolted  on  each 
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Fig.  36  a. 

■ide  of  the  tertJcal  beam ;  H,  the  winch  or  handle,  turn*  a  pnion 
fixed  on  its  axii;  this  pinion  tunu  the  Bpur  wheel  a,  irhich  carriea 
a  {Union  on  its  axis ;  then  thi»  latter  janian  tunis  the  lar^  wheel 
C,  with  its  barrel  or  axle  A,  round  « liich  the  chain  in  M>iled  ;  this  chain 
passes  over  the  pulley  B,  and  has  a  hook  at  its  extremity  for  laying 
holJ  of  the  weight  to  be  raiced;  the  barrel  A  has  a  ratchet  wheel  and 
detent  to  prorcnt  any  recoil.  Aa  the  gib  admits  of  being  tumod  round 
in  any  direction,  a  wdght  Taiccd  from  one  tide  of  it  may  be  turned 
round  and  let  down  at  the  oppofiite  side,  or  at  any  part  within  the  swoq) 
of  the  gib.  To  understand  the  construction  of  a  crane,  you  tbould  go  and 
we  one  at  work. 

The  Pulley. 

41.  When  a  rope  P  A  B  W  posses  oTcr  a  flicd  wheel  C  tnrmng  <a 
an  ajut,  the  mechanism  is  called  a  pulley.  A  force  pull- 
ing at  the  cord  P  A  causes  the  wheel  C  to  turn  upon  its 
axis  from  the  friction  of  the  cord  on  its  edge ;  and  as  the 
wheel  turns  it  gives  off  cord  equal  in  length  to  the  space 
described  by  its  circumference. 

Here  the  motion  of  P  and  W  roust  he  equal;  Ew, 
whaters  space  P  may  descend,  W  will  ascend  through 
the  same  tpivx.  Morcorcr,  when  equilibrium  takes  [Jace, 
the  tension  or  stretch  of  the  single  cord  P  A  B  TV  must 
he  the  seme  in  every  part,  and  the  tension  of  the  portkn 
A  P  will  be  the  nme  «i  the  tension  of  the  portion  B  W ; 
tbvefen  the  vagbt  P  tntiat  be  equal  to  tiu  vdght  W, 
ki  Older  to  podnce  tbett  equal  teiiBOaa. 


TBS  PULLBT. 


U 


J. 


■> 


Tig.  3S  ihons  tbe  manrer  in  irhich  a 
pulley  is  constructed. 

Tbe  pullej-  U  eaid  to  be  Jized  or  mo- 
voile,  uxording  lu  its  block  is  Qxcd  cr 
movable.  Tlicro  tire  various  ccratuna- 
tioDs  of  pulleys ;  in  bU  of  them  a  force 
called  the  inwcr  (P)  is  applied  tu  tbe 
fint  siring,  sad  thia  Eustaina  anotbcs 
force,  called  tbe  wogbt,  (W,)  appUed 
to  tbe  last  string. 

In  Fig.  S9  a  tnntiniious  cord  F  A  B  D 
passes  over  a  mmaiit  pulUtg  C,  and  is 
flsed  to  a  book  at  D.  llic  power  is  applied  at  P ;  and  the  weight  W 
to  be  raised  is  lUEpended  &om  tbe  block  of  tbe  puUey.  Here,  ai  W  is 
suspended  by  two  corda  A  P  end  B  D,  each  cord  must  sustain  one 
half  the  weight  —  tbat  is  to  say,  tb3  power  will  be  one  half  the  weight, 
or  a  poircr  of  1  lb.  will  support  a  weight  W  of  2  Ibe. 


Fij.  38. 


Fig.  40. 


TnFjg.  «  Pis  a/j«ipi(Ifey,  and  C  a  movable  one;  the  angle  or  con- 
tinuous cord  P  K  Q  A  B  D  passra  over  the  wheels  F  and  0,  and  is  fixed 
to  a  hook  D.  If  W,  with  its  pulley  C,  ascciid  1  foot,  the  eords  B  D 
and  A  Q  will  each  be  shortened  1  foot,  and  therefore  the  cord  K  F^li'ill 
be  lengthened  2  fcet  —  that  if,  the  velocity  of  P  will  be  double  tbe  tpIo- 
citT  of  W ;  and,  therefore,  on  the  princi]Jc  of  virtiial  vflwitics,  llie 
advantage  ivill  bo  2 —  that  is  to  eay.  I  11).  suspended  at  P  ivill  Kiist;iin  3 
Ibd.  suspended  Ot  W. 

42.  Principle  of  Temion.  —  The  single  cord  P  Q  1!  D  -niil  bnvp  Ihc 
nine  tension  in  every  port;  now.  Whangs  by  the  two  cords  B  D  and  AUl 
thcre&n  each  cord  must  sustain  a  weight  equal  to  one  half  W  —  that  is. 
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the  cord  A  U  will  liBve  a  tension  of  oiic  half  W;.  but  thistenaon  it: 
si.-tiil  l.y  thu  iKrntT  at  1' :  tbcn-foru  P  must  also  be  one  half  W. 

In  Iht:  uiiiii^cd  sy&tciu  tb<ic  aic  two  movaUc  pulleys,  A  and  B,  ( 

oni- lixwl  ]«ilk'y,  ( .'.     Here  tliostrias  to  which  h ' 

the  {lowct  ia  Qtuchol  pu»cs  over  tlie  lixed  pul- 
k-y  C'l  then  ruuiid  thu  movable  puUey  A,  and 
hm  ixn  citnuiity  Hxed  at  T.  Aiiothcr  Btiing 
is  attached  to  llic  bluclt  of  the  pulley  A,  then 
pONic^  round  the  inovablc  pulley  1),  and  has  iB 
extremity  liied  W  X,  Here  V  U 11 A  T,  bring 
a  coiitintioiis  cord,  will  be  stretched  cquallj 
tbrougliout  the  whole  of  its  length ;  and  the 
cords  A  n  Olid  S  T  will  each  have  a  tension  P 
Iln. ;  and,  therefore,  n  weight  of  2  P  lbs.  must 
be  suspended  from  D.  In  like  manner,  rfnce 
D  m,  N  is  a  continiinus  cord.  L  N  and  B  D 
will  have  llic  same  leasion  —  that  is.  each  of 
them  will  hovo  a  tension  of  2  P  lbs. ;  and, 
thcroforc,  a  weight  of  tuiec  2  P  lbs.,  or  4  P 
11».,  muht  be  suspended  from  K ;  that  is  to  Bay, 
in  the  system  rciiri)H!nte<l  in  Fig.  4 1,  w-c  have  W=i  i  P. 

In  tliL"  itj-stem,  (fee  Fig.  42.)  a  innglc  or  eontinuotis 
cord  posses  rovuid  the  wheels  ;  therefore  may  portion 
of  the  cord  must  have  the  name  tendon  ;  hut  Whangs 
by  nx  cords ;  therefore  each  cord  will  carry  one  sixth 
of  the  weight  IV,  and,  consequently,  the  power  P 
must  also  lie  one  «xth  of  W  ;  that  ia,  W  =  6  P. 

By  means  of  a  fixed  pulley  (sec  Fig.  43)  a  man 
lusy  raific  hiinwlf  to  any  heifiht,  or  let  lumself  down 
to  any  depth.  Fire  cseapca  luive  Ijcen  constructed  on 
this  princi;ile. 

13.   Pulleys  are  frequently  employed  for  changing 


^;K\ 


43 

Um  diicctloa  oTHAOt&lQ.  FigTl^flffl^^^c  mannct  of  converting  a 
bomontal  motion  into  a  vcMical  motion.  C  and  B  are  two  tiied  pol- 
lcy»,  baring  ■  continuous  cord  H  C  B  A  passing  oter  them;  A  is  the 
weight  to  be  raised  by  means  of  a  power  upplied  to  the  horizontal  rope 
C  H.     In  this  case  there  a  no  mechanical  advantage  gained. 

This  Hguje  (4£)  represents  a  sjrsfem  of  pulleys  ealled 
the  Hjianith  bartoTu     A  and  C  arc  two  movable  pul- 
leys, and  B  is  a  fixed  puUejr ;  P  A  C  U  U  ia  a  eontin- 
uotu  cord  pa«^g  over  the  two  movable  pulleys,  having 
the  power  P  at  one  cxtmraity,  and  the  other  extrem- 
ity fixed  to  a  book  U ;  A  B  D  £  is  another  continuous 
cord  pBipgiiig  over  the  fijccd  pulley  B  D,  and  connecting 
the  iWlu  of  the  two  movable  pulleyi  A  and  E.    Let 
P 1=  1  lb.,  then  the  cord  P  A  C  O  H,  bring  a  tingle 
totd,  the  portions  P  A,  A  C,  and  G  H  will  each  have 
a  tciison  of  1  lb. ;  hut  the  cord  A  B  has  a  teneion  of  2         fC  '  '  ' 
lbs.,  for  itsuBlaina  tbetensions  of  A  P  and  A  C.    Now,      I'l  P'' 
A  H  D  E  being  a  sinsle  cord,  the  cord  ED  has  the  "v       J" 
Mine  tcnrion  ns  the  cord  A  B ;  tlrnt  is,  E  D  must  sus-  > 

luin  a  tension  of  2  Jha. ;  but  the  cords  G  II  and  A  C      i^\ 
have  each  n  tension  of  1  lb. ;  therefore  W  must  be  4      \      J 
ll».,  in  order  to  jiroducc  the  tensions  of  U  It,  £  D,  and         /y^,  45, 
C  A.    Hence,  if  P  be  1  lb..  W  must  be  4  lbs. 


77ie  Inclined  Plane. 

44.  'When  a  hoisc  draws  a  load  up  a  liill,  the  road  forms  on  inclined 
plane,  and  the  more  gentle  the  slope  the  more  easily  does  the  liorse  draw 
the  load.  The  vertical  space  through  wliicb  the  wciKht  or  luud  is  raised 
is  the  vertical  elevation  of  the  hill ;  but  the  actual  space  over  which  the 
horse  draws  the  load  ia  the  inclined  udc  of  the  hilt ;  therefore  the  advan- 
tage gained  by  the  inclined  plane  will  be  the  number  of  times  that  tite 


length  of  the  plane  ia  greater  than 
of  the  inclined  plane  be  double  Its 
height,  then  the  ailvontage  gained 
will  be  2  ;  that  is  to  soy.  a  weight 
of  2  c«t.  would  only  rcfjuirc  a 
puwcr  of  1  cwt.  to  draw  it  up  the 
pla:ic.  (supposing  that  there  were 


'crtical  height :  thus,  if  the  length 


o  &i'.li 


Inclined    planea    arc    constantly 
tised  for  rolling  casks  into  carta. 
The  inclined  plane,  as  a  mtchani< 
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cai  powT.  11  uli*i  rrtqunitly  wwd  m  conneetum  mth  fiidional  nQai 
ImUi' wiiy  WDrkiiini  im-  t'ii!iU«l  tii  mL*  hcuvy  htonts  iiito  acait.i 
kIii'Wii  ill  fig.  i  >.  As  the  ruUvn  arc  ducogaiccd  at  tbc  lower  end  uf  tl 
tt-Hic  thi'v  un-  iiiit  in  at  tliu  upper  cud ;  m  tliat  tlirvc  or  moR  ralloi  « 
)^<1ii  [iniiiiiiiully  Ixiiuith  tho  ttouc  w  it  is  bciiigt  rolled  li; 

I  .i-t  A  <  ■  I  Fii{.  47)  niirLWiit  au  incline,  A  B 
it'  IhirLwiiilnl  Uix,  U  U  iti  vcrticut  liii|;ht,  aiid 
H  A  r  its  uiijjJi.'  iif  iirtatiuii.  Li-t  W  bo  thu 
wi'i^'lit  iiliii-ttl  u]»)ii  till'  ]>liuic,  oud  r  ihc  ixft'cr 
ul'  drawiiiL:  itp  tliia  wi'ii;hl,  bv  miwiB  of  the  cord 
1'  1(  W  i«iwnij  uVLT  tilt  i;illltj-  U  I),  tliu  cord 
1 )  ^^'.  ill  I)iis  I'iisi',  bi'iii)!  purullvl  tu  tlic  plane. 

T.p  :l!.d  ilic  r;iii(i  irt'  ila-  vi-rticul  ci-luutiiM  of 
1'  ;in.|  \V.     Hin,  Hhik-  AV  mm-cs  ftuin  A  to  V,, 
il  «iil  li;rv.'l,..viiriUM.'dtliPViiIifulluiiilit,  B  C\  ^/ 
c.f  ftH-  iiLiiii',  and  tlie  cord  I»  W  bcins  shortened  '--^V 
u  s|i;ui>  (i[u;d  111  A  t',  P  will  have  diwcodcd  a  i^V^.  47, 

s|i;ii'.-  .■■pitil  fi  A  t',  till-  Inicili  of  the  iilone; 

h.  luv  111.-  vilihiii.-*  ,rf  1'  U11.1  W,  Mimatod  in  n  vertical  dilution,  <rin 
1-  1,1  iii-h  ..ikr  il-  the  Unmth  of  tlio  jjanc  to  its  hdshl ;  therdort  the 
:iLlvii:iu,-..  g:iin,Ll  win  b.^  .■.jua]  lo  tliL'  IciiBih  of  tlie  iJane  dividnl  )n- H» 
b,.;^hl ;  that  L^  ji^'uc'  ^'•'"'"^  ^■■''■■™I'lc.-^t;  =  7fect.andnC=. 
incd  wiil  l>c  7 


THB  SCBBW. 


4S 


Ingth  B  A,  the  nd  irill  bare  been  raised  tlimugh  a  «pace  equal  to  the 
lliii  t  III1W  B  C  of  the  wedge ;  that  is,  while  the  pTenure  P  has  passed 
vm:  •  qiace  equal  to  A  B,  the  vdght  V/  hag  pat«ed  or^  a  (pare  equal 
to  B  C ;  beaee  the  advantage  gained  will  be  equal  to  the  number  of 
times  that  the  thichnesa  of  the  wedge  ii  contaiocd  in  its  length ;  thus, 
if  the  length  A  B  he  B  inches,  and  the  thidcncn  B  C  li  incbcs,  the 
adTsntoge  gained  willbeS  +  li^S;  that  is  to  say,  a  pressure  of  1  lb. 
applied  to  the  bead  of  the  wedge  will  produce  an  upward  pressure,  in 
the  directiDii  D  W,  of  6  lbs. 

Hoe  Fig.  19  showa  the  teem  itf  the  wedge  m  it  ia  emploTed  in  split- 


f,?.  iO. 


Fi?.  fiO. 


ting  timber,  where  CE  Li  the  length,  HC  the  cdse,  nnd  GB  or  AP  the 
thickness.  In  Fip.  60,  the  resistance  acting  at  F  nrisra  from  the  adhe- 
rion  of  the  moMTiid  that  ia  bting  split ;  and  the  power  applied  nt  A  1(  It 
tlio  impetus  giyen  by  the  stroke  of  a  heavy  mallet.  The  great  power  of 
the  wedge,  used  in  this  manner,  dopenda  nlmost  entirely  upon  the  trori, 
BCL-iimulatcd  in  the  mollct,  being  at  onte  delivered  upon  the  head  of  the 

The  wedge  ii  frequently  employed  in  raising 
great  weightb  for  a  short  dL^taneo ;  in  ^■nic'h  co^ea 
t  u'o  wcdgts  ore  mo^le  In  act  togelher.  us  in  tiiC 
annexed  figure,  where  A  B  iJ  e  and  db  a  r.  rpp- 
nscnt  two  similar  wedRCS  employed  for  raL-ing  ~ 
the  mwB  IV",  bj-  simultaneous  strokes  pvcn  to 
the  heads  A  e  and  d  b.  It  is  evident  that  the 
plane  of  a  A  will  always  be  parallel  lo  A  B. 


4  n.   In  this  simple  machine  the  power  mo 
Ii  the  length  of  the  Ic^-cr,  or  aim  of  the  s 


in  a  circle  whoFC  radius 
;■,  whilst  the  weight  or 
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rcfiistnnce  Is  mo  veil  in  a  right  line  having  the  direction  of  tlic  axin  c 
the.  cvlindcT  on  \\liich  tlic  threads  of  the  screw  are  formed.  A  ktc 
may  \h}  rc^anligl  as  u  movable  inclined  ])lanc  formed  uiM)n  t)ic -surface  c 
the  <  ylindiT ;  for  if  we  supiso^e  one  re\'olution  of  the  thread  to  be  lu 
"\\Tai>pid,  it  will  &)rm  an  inclined  plane,  in  which  the  circumfcTcncc  c 
the  cyiiiKler  will  be  the  length  of  the  plane,  and  the  distance  bctwcl 
the  thread>  the  hei«;ht  of  the  plane. 

Let  c  n  a  III  c  (Fig.  52)  be  a  spiiol  groove  cut  upon  a  cyUndpr  after  tl 


^  ■       m 


Or-blJ 


»       m 


Fhj.  52. 

manner  just  (kscrilcd ;  (.' D  the  axis  ui?on  whieh  tlie  cylinder  ttiim« 
A  IJ  a  nxl  parallel  to  the  axis  C  D,  and  liavuig  a  pin  or  tooth,  <•,  fittir 
the  CTnovc  of  the  «crow.  Xow,  when  the  handlij  C  P  in  turned  in  tl 
diitrti(»n  ot*  the  arrow,  the  pin  r,  with  its  rod  A  13,  is  moved  towards  t] 
vi}?ht ;  H)  that  in  one  revolution  the  pin  will  have  moved  from  c  to  a,  tl 
distaiu'o  betwe-n  the  thnads  of  the  ^orew;  and  in  the  second  rev*dutif 
it  will  have  movrd  from  a  to  r,  and  po  on.  llie  nxl  A  H  will  thus  ] 
moved  in  a  nctilincar  path,  painllcl  to  the  axi«*  C  D.  In  one  rrvolutif 
of  till-  I'.aiulle,  tlioR-for.".  the  ])owit  I*  will  have  juivjed  over  a  space  c<\n 
to  the  cinamffTi'iueof  the  eirile  dc-^crilKKllw  the  handle,  and  the  weicji 
or  resi>tan(:c  W  ^^  ill  havf;  movrtl  over  a  ^sjiace  r<pial  to  the  distance  h 
twecn  the  threads  of  the  screw.  lUnt-o  the  advantage  gauied  will  1 
cqiud  to  the  i  iri'iniiUTCiiee  of  the  circle  dcscrii)cd  by  the  jwwcr  1*  dhidt 
liy  the  distance  belwetm  the  tlin?ad'*  of  the  sircw.  Thu*?,  if  tlii*  cirrim 
fr.Tc:\('0  d'.M'ril)cd  by  the  handle  1'  C  be  20  inches,  and  tho  di^^ant^e  r 
between  tlie  threads  iif  the  strew  ^  ineh,  then  the  advantage  of  jircssn 
pained  will  be  20  -j-.i  =  10  ;  that  is  to  say,  if  a  pre«»ure  of  50  II)?.  1 
applied  at  l.\  it  m  ill  produce  a  pressure  of  40  times  50  lbs.,  or  2000  Vof 
in  the  dirct'tion  A  II. 

In  the  place  of  a  sinirlc  tooth,  r,  and  the  n)d,  A  13,  it  is  eustomarr  1 
have  a  series  of  teeth,  in  the  form  of  a  reverse  or  hollow  gcrcw,  exact! 
fittinj;  the  spiral  proovc  lonncd  on  the  cylinder  or  solid  screw  CJ  I)  :  tl 
nTcrse  scrcAv  thus  formcfl  is  called  the  nuU  In  most  applications  of  tl 
screw,  the  nut  revolves,  wliilc  the  M}lid  screw  maviA  in  a  longitudiiu 
direction. 


\ 


vriu:r.h  work. 
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47-   Ths  screw  I*  u>c'l  in  cn^c-  vhvr?  a  zr'.-a:  i-.TC?-uro  i-;  to  be  cxoriod 

thriiu^h  a  M:iall  ^]>uC'?;    Thec)ur.uiu  prcvj  i&  o:«e  ui  the  must  u&clnl 

^jjliialiuU'^  (jf  tliLi  i:i(.v*iaiii(-al  i>>v.'Lr. 
l**i^,  o-J  ri'j.ri>e:its  a  \x okliiiU'-r's  j  ilss, 

tihcre  SSL-  the  ^«.ilrl  >  tjv.-  \v.:'Uir.-;  in 
I*  the  htiUcrtv  M.rcw  i  r  nut  #.,  ^>.^l:::3:  o:i  the 
l'.  fixed  iHjard  c ;  V»  th'j  jtit-s  board,  lixcd 

to  the  I  »p  of  the  f  .TuV.-,  a:; J  ach-iit^  of 

being  movfj  VLrTii-.il!y  Ktwccn  the  tides 

of  the  Irame.     lh«.'  ^^li'i  ktcw  S  .S  is 

incajiiiUo  of  revolvii*.^,  but  moves  Icngi- 

tucliiudly,  (T  In  the  dlrct-tir>n  of  its  length ; 
|.'  "whcrhi?*    the  r.ut   n   rcvolvi-s  but  docs 

not  mm-.-  I.in!;Lti:dii:aIly.  or  in  the  direc- 
tion of  the  k*ii;::li  of  iho  ticrcAv.    The 

nut  U  t  :i:i«.tl  1  y  i:K:;:iN  cf  ih'.'  iLVtr  I*. 

wLi«  h  i:*  iitertt-il  hi  the  holes  lor:i:ed  on 
t"  the  idj;--'  of  \\\y2  nut.     Tlie  n;;;ttr:::l  ti» 

be    corajircj^.-'Od   i>   i'!:K-.d    bLtwecn   tho 

pKi*  hrxird  B  and  the  fix  id  beam  D. 
Innnotuni  of  the  kvcT  P,  th.-  v.rcv.- 

4S  S,  wiih  it^i  im^i  lua-.l   I),  i-*  niovcl 

upward  a  ^J)al■e  c-i'iid  to  tho  dl-^tanc-L-  betw?-,:!  ih/  iJ-.r.  rid^  of  tlu'  !s?rL-w. 

Ilcxii'c  we  h;.vc  the 

sj.  i"i^  d'  icr:i<  -1  '.y  I* 

"    '^  di-timtu  OlIvu.  .1  iJi  ■  iiji"  mi's. 

Tliiis,  if  P  sAV(<p  a  cirik-  of  'JO  kct.  or  JiO  inilir-,  and  ihe  distani'o 
U-twi on  tho  thn-ad-*  (jf  th  •  mtow  he  ij  of  an  inch,  th.  u  iIr'  advantai:-! 
nf  i.rf!-;ir'-'  irain-.d  will  1  ■.•  •l\^)  -^  5  =  :V1) :  that  is  if  a  man  cxi-rt  a 
prcN-TU-L'  of  5'>  lb*,  njoji  tiie  oxtrtinity  of  tht-  If.vcr,  thon  thr  i:j)ward 
prt->«ire  producetl  \x\y(}\\  \uq  iirt-s  Ixtard  will  be  T.JO  linus  JO  11 1.-^.,  cr 
17,9  JO  loS.  =  fS  tui»>. 


/■/  .'.    tJ-J. 


Wheel   Work. 

4s.  Motion  may  Iv  communioatcd  from  oi.c  a\i-i  to  another  by 
iripa:i«  of  i-ord*.  or  sirajjs,  a<  in  oa.-<L'  ^hown  in  I'ii,'.  .'il,  <ir  l)y  nuans  ..f 
trj'jtlu.'rl  Avlio'ls  a<i  shown  in  Fi;;.  aj.  If  the  tiK.th-.-d  wlietl  H  diiM' 
the  trvnhed  whe^l  A,  ^rit;.  ol,)  tlini  IJ  i«<  cjdled  thr  arirrr,  and  A  f/n: 
foihtct-r,  WhotU  actiii'^  in  tliis  mainicr  are  abo  calkd  spur  trhnls, 
Kmall  tfxnlicd  whwls  are  Mdlwl7>///»V>;M  ;  thus  II  may  bo  railed  a  pinion 


li 
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in  rvlotiiiii  to  A.    Two  toothed  wliock  nrc  aud  to  be  in  gear  when  thdr 
titlli  nrc  msngi-d  togcthra,  ami  out  of  pear  when  they  arc  separated. 

If  II  ciiiitaiu  a  ttt-tb,  and  A  !>U,  then  B  muM  turn  nnuid  ax  timm 
in  order  that  A  may  turn  ruund  (nice  Or,  gencmUy,  if  A  inakG  una 
rtrvulutiou,  thu  iiunibci  that  1)  will  make  is 
found  Ly  diviiliii>;  the  nutnlxr  of  tmth  in  A 
by  tlii!  imiuliur  in  B.  Or,  eini-o  tint  nuniUr 
ui'  iixth  in  thi!  wh(«1s  i'i  proponioaal  tu  their  i 
tnilti.  the  number  of  rcvolutiuiLi  of  U  n'ill  dLo  j 
1*  f  luiid  liy  dividing  tiie  nidiuB  of  A  by  the  ■ 
rudiiu  of  It ;  Ihuv,  let  the  radiiM  of  A  be  1. 
ill.,  unci  time  of  U  .1  hi.,  thiii  1)  nill  muko 
live  revolutions  wliile  A  makes  one, 

III  the  IraiH  of  leAnh  rqircsuntcd  in  Fig.  Co, 
thu  motion  iif  ilic  nsU  HiSU  troiLimitied  to 
tlirro  dl^iiict  parallel  oxn.    X,  is  the  firt 
drivii)<;«)Hw1,  Hi  itit  followiT;  N,  is  the  recoiid  driiing  wheel,  njififct 
lower ;  und  sio  ou.    Lt.!  ihc  uumlH.'r  of  tetth  in  X,  =  38,  in  n,  '^  0| 


!■■,>  5.1. 


in  X.  =  r/2,  in  it,  :=  R,  in  N,  ^  35,  and  in  «,  ^  T;  then,  while  the  ozil 
of  X[  makeii  one  revolution,  the  nxis  nt  if,  will  make  80.  -  Iii  order  to 
prove  lliis  Kujipow  the  driviT  Ni  ti>  niiilic  one  revolution,  then,  while  Hi 
iiiukis  oue  rcvvluiion,  the  numbtr  of  reviilutiuns  whieli  m,  will  mAa 
c=  :ii!  -^ !)  =  i.  Xow,  us  X,  revolves  on  the  aimc  oxiii  a*  «i,  the  drinr 
X.  will  make  tour  rfvnlntiuna  while  X  nukca  one.  In  like  manner,  H* 
will  mukc  fiRiT  revolutiinis  while  Ni  niukis  (me ;  but  X;  makes  four 
Tiviiluliims  while  Xi  mBkcR  one;  therefore  Ni  must  make  four  time! 
four  rcvolutionn,  or  rixtccn  rcvolutians.  In  like  nunner,  n,  will  moke 
tive  rLViilutionR  while  X.i  makcM  one ;  but  N|  makn  nintcen  levolutioM 
while  Xi  m.ikc»  one ;  lliCTcfnre  Mj  will  mnkc  sixteen  timcn  five  tCTolu* 
lionii,  or  coghty  rci'olutiouii,  while  N,  mnkcs  one. 

When  motion  is  to  he  trancfcircd  front  one  as.ia  to  another  "«<«  at 
right  angles  to  it,  wc  must  we  crown  wbccla,  bevelled  wheels,  or  11m> 
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Crown    Wheds. 

49.  This  figure  56  represents  a  eroum 
wheel  B,  with  its  pinioii  A,  having  their 
axes  at  right  angles  to  each  other.  The 
teeth  in  the  crown  wheel  arc  cut  on  the 
edge  of  a  hoop*  and  the  pinioii  is  made 
thicker  than  unial.  This  kind  of  wheel 
ii  used  in  dock  and  watch  work. 


Fiff.  56. 


Face   Wheel  and  Lantern. 


50.  In  Fig.  57»  F  represents  tiface  tcheel,  wiih  its  latifent  L.  Motion 
is  here  transferred  from  a  vertical  axis  to  a  horizontal  one.  The  teeth 
inserted  into  the  face  of  the  wheel  F  are  called  cog»,  which  are  now 
usually  made  of  iron,  while  the  round  staves  forming  the  teeth  of  the 
lantern  arc  made  of  hard  wood ;  fur  it  has  been  ascertained  that  iron 
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togs  work  with  less  noise  and  friction  upon  M'ooden  staves,  than  when 
the  cogs  and  rtavcs  are  made  of  the  same  material.  The  face  wheel 
and  lantern  have  been  mucli  ustd  in  mill  work. 

JB^vel    Wheels^  or  Bevel  Gear. 

51.  Let  E  B  and  F  13  (Fig.  ^8)  ])c 
two  axes  of  rotation,  cutting  each  otV.er  in 
B.  TwD  right  tones  ABC  and  B  D  C, 
touchihg  each  other  in  the  line  B  G  C,  are 
Armed  upon  these  axes.  If  the  cone  B  D  C  ■ 
lerolTe  on  its  axis  K  B,  it  will  communi- 
cate, by  rolling  contact,  a  rotatory  motion 
to  the  cone  A  B  C,  upon  its  axis  F  B. 

o 


Fig.  58. 
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employed,  u  A  C  G  J,  and 


In  practice,  frustnt  of  the  cor 

c  D  n  a. 

These  cones  or  fniftra  of  cones,  will  obviously  perfarm  tlidr  rendu- 
tions  in  tlie  rnimo  inatmcr  os  the  spur  whceb  in  Fig.  61. 

On  these  Hniootti  niTfacci>  of  the  fnintTB  b  saia  of  equidistant  teeth 
may  l)c  cut,  ilircctcit  to  the  apex  B  of  the  cone,  so  that  a  line  poanag 
fnnn  the  apex  B  to  the  outUne  of  the  teeth  upcm  the  hues  of  the  oonea 


Fig.  59. 

uli.ill  touch  the  teeth  in  every  port ;  as  bliown  in  the  annexed  ci]t> 
(FiK-  OU,)  where  1)  is  the  apciv  of  tlic  cones  11  AC  end  B  D  C,  Fand£ 
the  two  axo>  of  the  bcccl  iclicch  A  C  end  D  C,  iutdsecting  in  the 

WhecLi  cut  in  (his  manner  are  called  btrcl  near.  Two  bcrel  wbcdt 
of  thlj  kind  will  always  communicate  motion  from  one  axis  to  inotbix, 
provided  thcra  axes  intentcct  each  other;  this  pcdnt  of  ii 
uhvnya  made  the  apex  of  the  fhittra  forming  the  bercl  whe 


It.act  and  Pinion. 

■i2.  When  a  circular  motion  is  to  be  chnnged 
the  teeth  are  cut  upon  the  edge  of  b.  ftriuRht 
har,  A  B,  (Pig.  60.)  «>  that  Ihcy  niny  work 
with  the  teeth  upon  the  wheel  or  pinion  P. 
The  toothed  bar  A  B  ia  called  a  rac£,  and  is 
oovQ  in  its  rectilinear  path  by 
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Fig.  61. 


53.  The  way  in  which  a  coQtinuoiis  motion  is  given  to  a  wheel  by 
meuiB  of  a  treadle  board  is  ehown  in  Fig.  61.  e  <2  is  a  treadle  board, 
or  a  board  that  is  moved  by  the  pressure  of  the  foot ;  the  cord  c  ae 
naspea  over  the  pulley  a,  and  is  attached  to 

nie  crank  m  0  of  the  whal  m.  While  the 
crtremity  c  of  the  treadle  describes  a  rcci]v 
Tocating  circular  motion,  the  wheel  m  re- 
volves continuously. 

54.  Hg.  62  shows  the  way  in  which  a 
ibrge  hammer  is  moved  by  the  continuous 
circular  motion  of  a  drum  whcd  or  cylinder. 
The  cylinder  a  (see  Fig.  62)  has  five  pecu- 
liar ehaped  teeth  upon  it,  called  wipers  or 
tappeU,  which  strike  the  extremity  of  the 

handle  of  the  hammer  at  successive  intervals.  The  hammer  b  turns 
upon  a  lever  6  e,  whose  axis  is  C ;  the  extremity  e  of  the  lever  is  de- 
pressed by  the  ^ipcxs  and  thus  the  hammer 
is  raised ;  but  the  moment  the  wiper  disen- 
gage) itaelf  from  the  lever,  the  hammer  falls 
by  its  weight,  and  strikes  the  heated  iron 
placed  upon  the  anvil  X,  In  this  case,  the 
hammer  would  make  five  lilts  and  five 
fctrokcs*  for  every  revolution  of  tiic  wheel. 

Li  this  mochaniitm,  a  continuous  circular 
motion  is  converted  into  an  iiitcrniittcnt  re- 
ciprocating, or  up  and  down  motion. 

65.  Fig.  63  sho^**s  the  way  in  which  a  continuous  circular  motion 
may  be  converted  into  a  continuous  reciprocating,  or  back  and  forward 
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motion,  r  is  a  wheel  partially  furnished  with  teeth,  acting  on  two 
racks,  e  and  n,  placed  on  difTei-ent  sides  of  it ;  the  teeth  in  these  racks 
■re  alternately  engaged  by  the  teeth  of  the  wheel,  so  that  the  continuous 
circular  motion  of  the  wheel  c  gives  a  regular  back  and  forward  motion 
to  the  rod  A  B,  placed  between  frictional  rollers. 
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£xBBCIBBB  0!r  MSCKAXICB. 

1.  A  body  moves  through  a  space  of  640  feet;  its  Tdodty  is  6  fiaet 
per  second :  ^hat  \%ill  be  the  time  of  its  motion  ?      Am,  H  minutes. 

2.  A  carrier  pigeon,  flying  with  a  imiform  speed  of  15  feet  per  9^ 
ond,  was  24  hours  in  passing  from  a  ship  at  sea  to  the  land  :  required 
the  distance  in  miles.  Am.  245 1\  miles. 

.'J.  A  ball  of  7  lbs.  is  moving  with  a  Telocity  of  9  feet  per  second; 
and  a  ball  of  3  lbs,  moves  with  a  velocity  of  14  feet  per  second :  what 
are  their  comparative  momenta  ?  . .  Ana.  3  to  2. 

4.  A  fhUing  body  required  7  seconds  to  reach  the  ground :  through 
what  space  did  it  fall?  Am.  788iV  feet. 

6.  One  arm  of  a  lever  is  44  feet  long,  and  the  other  is  6  feet :  what 
power  applied  to  the  longer  arm  will  balance  600  lbs.  at  the  shorter  arm  ? 

Am.  66  lbs.,  12^  os. 

6.  At  what  distance  from  the  fulcrum  of  a  lever  of  the  second  kind 
that  is  20  feet  long,  must  a  weight  of  112  lbs.  be  placed,  so  that  it  may 
be  sustained  by  a  power  of  60  lbs.  ?  Am.  8  feet,  llf  inches. 

7.  A  wheel  of  10  feet  diameter,  with  a  power  of  6  lbs.,  balances  a 
weight  of  160  lbs. ;  what  is  the  radius  of  the  axle }        Am.  2  inches. 

THE  STEAM  ENGINR 

DIFFERENT   PIECES   OF  MECHANISM   CONNECTED   WITH  THE 

STEAM  ENGINE. 

1.  Thbus  are  a  variety  of  interesting  jneces  of  mechanism  coanieoted 
with  the  steam  engine,  which  merit  a  minute  description. 

ne  Crank  and  Fly  Wheel 

2.  The  crank  and  connecting  rod  are  used  fer  converting  the  reo^ 
locating  motion  of  the  extremity  of  the  great  beam  of  the  steam  engine 
into  a  continuous  circular  motion.  When  we  turn  a  giindrtonet  we 
employ  the  peculiar  motion  of  the  crank  and  connecting  rod,  where 
the  handle  of  the  grindstone  serves  the  purpose  of  the  crank,  and  the 
arm  that  of  the  connecting  rod.  The  crank,  with  its  connecting  rod 
and  fly  wheel,  is  represented  in  Fig.  64.  C  is  an  axis,  to  which  the 
fly  whod  F,  or  any  other  whed  work,  may  be  attached ;  C  D  is  a  link 
or  arm,  called  the  crank,  fixed  to  the  axis  C,  and  having  a  joint  at  D,  to 
which  the  connecting  itNi  D  A  is  attached.  Now,  if  an  up  aiid  down 
motion  be  given  to  I)  A,  the  extremity  D  of  the  crank  will  more  in  • 
drde,  and  thus  a  continuous  rotation  will  be  giren  to  the  «Kii  C 
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Whoi'the  annk  amrc*  Kt  the  poaitiam  C  n,  wtia«  it  is  in  the  mne  line 
with  tbe  iiTnn wring  rod,  it  is  Mid  to  be  in  one  of  its  dead  pointi,  fiv 
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then  the  pnBnre  upon  the  connecting  lod  has  no  eflect  in  turning  the 
crank ;  but  in  general,  the  inertiii  of  the  mochineiy  and  fi;  wheel  F 
eairia  the  crank  bejrond  the  dead  pinntB.  It  will  be  seen  that  the 
crank  has  to  pass  over  two  deed  pointa  in  the  course  of  one  revolution. 
In  order  to  avoid  this  irregulariiy  in  the  action  of  the  connecting  rod, 
two  (.'tanks  are  sometimes  placed  on  the  same  axis,  at  right  angles  to 
each  other.  The  connecting  rod  in  a  steam  engine  is  usually  attached 
to  the  extremity  £  of  Ihc  great  beam. 

The  fly  whtel  is  not  only  a  regulator  of  motion,  but  it  is  also  an  ac- 
eomalator  of  motion.  It  BJmply  consists  of  a  large,  heavy  wheel,  to 
irhich  motion  is  usually  given  by  a  crank;  thus,  in  Fig.  6i,  F  is  the 
jljf  trheel,  revolving  upon  the  axis  C. 

The  fly  wheel  may  be  rcganicd  as  a  rracrvoir  of  motion,  in  which  the 
Rdundant  motion  of  the  machinery  is  accumulated  when  the  work  lo  he 
pajbrmed  is  Ion  than  tbe  work  applied  by  the  moving  power,  and  from 
which  the  machinery  derives  motion  when  the  work  to  be  pcrfomied  is 
greater  than  the  work  applied ;  so  that,  however  variable  the  work  to  be 
pa£>med  may  ba,  the  moUon  of  the  machinery  b  always  maintained 
(Ktty  aeiAj  nnifivm. 
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Uie   Sun-ond-^lanet    WheeL 

3.  Hui  beautiful  contrivince  wss  emplojred  by  WbR  u  a  subatitiite 
fia  the  crank.  It  consiita  of  two  tootbEd  wheels)  one  of  which  revolve* 
nund  the  cucumference  of  the  other,  aomewbat  sinular  to  the  maimeT 
in  which  b  planet  and  ita  aatellitc  rciolve  round  the  tun ;  heiiee  the  name 
giTGD  to  tbia  mechanical  caml^natioD. 

The  toothed  wheel  B  (Fig.  05)  is  fixed  to  the  extremit;  of  the  con- 
necting rod  C  L,  BO  as  not  to  be  allowed  to  turn  on  its  centre ;  A  is 
another  toothed  wheel,  fixed  to  the  axis  e  nf  the  fly  vrheel  D ;  a  link 
coimecta  the  centres  of  the  two  wheels  A  and  B,  and  scrvra  to  keep  tbem 
in  gear.  Now,  when  the  great  beam  has  made  on  up  and  diiwn  stroke, 
the  link  e  o,  connecting  the  centres  of  the  two  toothed  wheels,  <irill  hare 
performed  a  complete  revolution  round  the  centre  r,  exactly  as  a  common 
crank  would  do ;  but  as  the  two  wheels  A  and  B  are  fixed  to  their  K- 
apcctive  centres,  every  portion  in  the  drcumferento  of  B  will  have  been 
brought  in  contact  with  the  wheel  A,  which  thus  receives  a  ccsitinuQua 
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circular  motifm.  Aaiuming  the  wheels  A  and  B  to  be  eqnal,  then,  while 
the  connectiag  rod  makes  an  up  and  down  stroke,  or,  what  is  the  same 
thing,  while  the  wheel  B  makes  one  revolution  round  the  centre  e,  the 
wheel  A,  with  the  fly  wheel  D,  will  have  peribmted  two  revolutions ;  iot 
in  tbia  case  every  tooth  in  A  will  have  come  twice  into  cmtact  with  the 
teeth  on  B. 

Watt's  ParaM  Motion. 

i.  This  beautiAil  mechanical  contrirsnce  is  used  to  convert  the  recjp- 

mfating  cimilar  motioD  of  the  extremity  of  the  gicat  bMU  cf  on  ensiiu 
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into  the  xeciproeating  recdlinear  motion  of  the  piston  rod.  It  consists  of 
a  frame  of  link  work  somewhat  in  the  form  of  a  parallel  ruler. 

The  leading  feature  of  the  contriyance  is  represented  in  Fig.  66. 

Let  A  B  and  C  D  be  two  equal  rods  connected  by  the  link  D  B, 
Bxmng  on  their  Te^>ectiTe  fixed  centres  of  motion  A  and  C.    Let  K  be 


CA 


the  middle  point  of  the  connecting  link  I)  B.  Now,  let  the  rods  l;c 
moved  to  another  position,  and  let  C  rf  f  6  A  be  that  new  position  of  the 
ruds  ;  then  the  middle  point  E  or  e  of  the  Imk  will  have  nearly  movwl 
in  a  vertical  rij^ht  line.  For  while,  by  this  motion,  the  extremity  B  of 
the  link  Is  carried  to  the  left,  the  cxireniity  I)  i«  carried  to  the  rij^ht, 
and  ticc  versa ;  so  that  the  middle  jwint  E  of  the  link  thus  nearly  moves 
in  a  vertical  Unc. 

Let  A  K  (Fig.  C7)  represent  one  half  of  the  great  beam,  turning  en 
the  centre  A ;  K  B  D  K  link  work  in  the  form  of  a  parallelogram,  hav- 
ing B  K  equal  to  A  B  ;  C  D  a  rod,  called  the  radius  rod^  turning  on  the 
fixed  centre  C.  Now,  the  rods  A  B  D  C  will  move  in  precisely  the  hame 
manner  as  in  the  preceding  figure,  and 
therefore  the  point  E,  in  tlie  middle 
of  the  link  D  B,  will  ver\'  nearly  de- 
scribe a  vertical  line.  But  pince  the 
triangles  A  II  K  and  A  E  B  arc  sim- 
ilar, and  as  A  K  is  the  double  of  A  B, 
the  line  A  R  will  be  the  double  of 
A  E ;  that  is  the  point  K  'will  always 
be  lit  doable  the  distance  from  A  that 
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the  point  K  is  ;  and  therefore  the  path  described  by  R  will  be  the  same 
as  tlie  path  described  by  E ;  thcre£are,  if  the  point  £  moves  in  a  TGxtical 
line,  the  point  K  will  alfio  move  in  a  vertical  line,  llie  jaston  xod  ii 
attached  to  the  point  R,  and  the  piston  rod  of  the  air  pump  to  the  point 
E  ;  so  t^t  both  of  these  rods  will  be  moved  in  u  vertical  line. 

77ie  Eccentric    Wheel, 

6.  A  wheel  is  said  to  be  eccentric  when  it  turns  on  an  axis  which 
does  not  lie  in  the  centre  of  the  wheel.  This  important  piece  of 
ineclumism  is  usually  employed  to  ^ive  motion  to  the  di^pralve  of 
the  stcanii  engine  where  the  axis  of  the  fly  wheel  is  always  the  centre 
of  motion  of  the  eccentric  wheel.  Here  A  is  the  axis  of  the  eccen- 
tric wheel,  C  being  the  centre  of  the  circle ;  a  hoop  J  K  embraces  the 
eccentric  wheel,  so  as  to  allow  the  wheel  to  revolve  freely  within  the 
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hoop  ;  a  frame  D  F  E  connects  this  hoop  with  the  extremity  F  of  the 
bent  lo'er  H  G  F  turning  on  the  fixed  centre  G.  NotJ;  when  the 
eccentric  wheel  turns  in  the  direction  of  the  arrow  of  the  figure,  the 
frame  E  D  F  is  pushed  to  the  right,  and  the  pin  F  describes  an  arc  of  a 
circle  in  the  same  direction,  on  G  us  a  centre  ;  when  the  lob  side  of  the 
eccentric  has  passed  tlie  line  of  the  centres  of  motion  A  and  F,  the  frame 
with  the  pin  F  is  then  dravi-n  to  the  left,  and  so  on ;  so  that  the  con- 
tinuous circtdar  motion  of  the  eccentric  wheel  produces  a  reciprocating 
circular  motion  in  the  pin  F.  Tills  motion  of  F  gives  a  redpioeating 
motion  to  the  rod  II  I,  to  which  is  uttaclicd  tlie  slide  valve  of  the  engine. 


Tlie   Governor, 

G.  Tliis  is  one  of  the  most  important  regulators  of  machinery.  When 
the  speed  of  the  machiner}'  is  too  great,  this  contrivance  checks  the  sup- 
ply of  the  moving  force ;  and,  on  the  contrary,  when  the  Pi)eed  is  too 
slow,  it  increases  that  supply.  Tliis  Mmple  and  beautiful  piece  of  mech- 
anism (see  Fig.  69)  consists  of  two  heavy  balls  E  E,  attached  to  the 
extremities  of  the  xodafe  E,  which  pass  through  a  slit  in  the  vortical 
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Mtil  D  P,  and  tnra  on  the  ccDtn  «.  opening  and  cloaiog  lii«  ■  iwr  cf 
dNa^  nwlinka/A,  iMTiiigjcBiitiit/andAiCamtcttkenrorodt/t 
S  with  «  ring  A  A  D,  vhich  Blidn  freely  upon  tbe  vertical  »iii  D  D,  to 
B  bolt  pitr^g  round  t]w 
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paQey  rf.  The  War  F  G  H,  tumiag  on  the  centre  Q,  is  conoccted  with 
the  aliding  piece  or  ring  h  h  It  at  the  extremitj  F,  and  hara  link  II  to 
(ttMhed  to  the  extrenuty  H.  The  link  H  w  tumi  the  ax'a  of  thv  throttle 
vtlre  Z,  which  opens  and  cloaca  the  part  of  the  Btcom  pipe  A  A  a,  pro- 
cwding  bom  the  boiler  to  the  cylinder.  Now,  whca  the  spindle  D  D 
levolTcswith  an  inctraeing  velocity,  the  balls  EE  flyout  from  the  centre 
of  iDation,  (by  the  ccntHfigal  force  thus  goiented  ;)  the  eliding  piece 
oc  ring  A  A  D,  with  the  cxtrenity  F  of  the  lorer,  i*  drawn  downwards. 
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while  the  extremity  H  is  raised,  and  the  axis  of  the  throttle  vahe  Zli- 
turned  round,  so  as  to  close  the  opening  of  the  steam  pipe,  theicbj  i^ 
ducing  the  supply  of  steam.  The  contrary  effect  is  produced  when  the 
velocity  of  the  spindle  D  D  is  decreasing ;  that  is,  the  balls  fall  towards 
the  axis  D  D,  and  the  throttle  valve  Z  is  turned,  so  as  to  increase  the 
supply  of  steam.  Hence  it  appears  that  when  the  speed  of  the  engine 
passes  beyond  a  certain  limit,  the  throttle  valve  tends  to  check  the  supply 
of  the  steam,  or  moving  principle ;  while,  on  the  contrary,  when  .tbe 
speed  of  the  engine  is  less  than  this  mean  ^imit,  the  throttle  valve  is 
opened,  so  as  to  allow  a  greater  quantity  of  steam  to  pass  thrdi|;h  the 
steam  pipe. 

TUE   STEAM   BOILER   AND    ITS    APPENDAGES. 

7.  The  steam  boiler  is  made  of  thick  shoct  iron  or  copper  plates, 
riveted  strongly  together  to  resist  the  expansive  pressur^of  the  steam 
as  well  as  the  destructive  action  of  the  great  heat  which  is  applied  to 
them.    Steam  boilers  arc  made  of  various  forms.    Fig.  70  represents  a 
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longitudinal  as  well  as  a  cross  section  of  what  is  called  the  butterly 
boiler,  which  is  much  used  in  our  manufactiuing  districts ;  A  represents 
the  ash  pit,  F  F  the  furnace,  B  the  boiler,  and  II  H  the  level  of  the 
water  in  the  boiler.  The  concave  foim  given  to  the  bottom  of  the  boiler 
obviously  brings  a  larger  extent  of  surface  in  contact  with  the  flame  than 
would  take  place  if  the  bottom  were  flat. 

The  steam  boiler  has  various  apxiendoges,  which  require  special  notice. 

77ie  Safety  Valve, 

8.  The  sjrety  valve  is  used  to  secim*  the  boiler  from  bursting  by  the 
excessive  prcdsure  of  the  steam.  Fig.  71  represents  the  lever  eafety  vakef 
where  A  B  is  the  lever  with  its  load  L,  . — |j^ 
pressing  upon  the  head  of  the  valve  "' 
which  closes  the  opening  S  leading 
the  boiler.  By  sliding  the  load  L  along 
the  lever,  any  pressure  may  be  put  upon  Fig,  71. 
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the  Talve  that  msy  be  faund  neccEsnry  lo  work  the  cngiue.  The  divis- 
iocia  upon  the  lever  enable  the  engineec  to  detenmnQ  the  elasticity  of  the 
•team  in  the  boilcr- 


TTie  Steam   Gauge, 

9.  This  mMnmusit  ii  dodgned  tn  indicate  the  degree  of  pieaniie  of 
the  atcam  which  ia  used  in  worlcing  Che  engine.  Fig.  7'i  rGprcsents  a 
msenrialHeam  gauge;  A  CD  E  iia  bent  tube,  open  at  both  extrem- 
itin,  paimiig  from  tha  Teasel  B  containing  the  steam;  Q  is  a  grad- 
uated icale  fci  indicating  the  height  of  the  mercury  in  the  leg  D  E, 
'When  the  preaauie  of  the  steam  ia  cqaal  to  that  of  the  external  air,  the 
meicury  Id  the  two  legs  C  D  and  D  1!  etands  at  the  same  level,  II  R: 
but  when  the  prcnure  of  the  steam  is  greater  than  the  exteraol  air,  the 
mercury  i>  de;nX!ased  in  the  leg  C  D  and  elevated  in  the  leg  D  E.  Th.e 
ezcen  of  pirsure  of  the  Ream  above  that  of  the  atraoaphcre  ia  found  by 
obMTTing  the  diffcnmce  of  tbe  levela  of  the  mercury  in  the  l<^  D  E  and 
D  C,  and  then  allowing  half  a  pound  as  the  pnxsmc  of  the  steam  on 
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each  square  inch  for  every  inch  in  the  diiFerence  of  the  levels.  The  bent 
tnbe  is  frequently  made  of  iron.  In  this  ease  a  float  F,  with  a  rod  and 
pointer,  ia  inserted  into  the  open  end  of  the  tube.  As  the  float  F  is  raised 
or  depraased  with  the  mercury,  the  pointer  is  made  lo  indicate  the  differ- 
ence <rf  the  levels  of  the  mercury  in  tbe  two  legs  of  the  instrument. 
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The   Water  Gauge, 

10.  This  simply  consists  of  a  bent  glass  tube  A  D  C  B, 
(Fig.  73,)  where  one  extremity  A  enters  the  boiler  above 
the  proper  le\'el  II  R  of  the  water,  and  the  other  extrem- 
ity L  enters  below  the  proper  level.  As  the  water  must 
Mand  at  the  same  level  in  the  glass  tube  D  C  that  it  does 
in  the  boiler,  the  qye  of  the  engineer  will  at  once  sec  what 
depth  of  water  is  in  the  boiler.  Another  kind  of  water 
gAuge  is  explained  in  the  general  description  of  the  steam 
engine. 

The   Water  Regulator. 

11.  In  the  steam  engine  it  is  especially  necessary  that  the  water  in 
the  boiler  should  be  constantly  kept  'at  the  same  level,  so  that  as  the 
water  is  being  evaporated  in  the  boiler  fresh  water  should  at  the  same 
time  1)6  admitted  to  supply  the  waste  thus  created.  Fig.  74  represents  a 
portion  of  the  boiler  A,  with  A  B  a  pipe 

proceeding  from  the  cistern  B  to  supply  the 

boiler  -with  water  as  it  may  be  required ;  F 

is  a  Ktone  float  puspendcd  by  the  rod  F  C 

passing  through  the  stufEng  box  S ;  this  rod 

i3  attached  to  the  extremitv  C  of  the  lever 

(y  F  turning  upon  the  fulcrum  or  centre  D  . 

V  is  a  valve  opening  and  closing  the  top  of 

the  pipe  A  B,  and  attached  to  the  jwint  E 

of  the  lever  C  F ;  F  is  a  countcrpoiKe  which 

aids  in  depressing  the  valve  V.     Now,  when 

the  water  in  the  boiler  descends  below  its 

proper  level,  the  float,  F  also  descends,  and 

by  depressing  the  extremity  C  of  the  lever 

elevates  the  valve  V,  and  thus  aUo^ws  the 

water  to  flow  into  the  boiler  as  recjuired.     On  the  contrary,  as  the  water 

rises  in  the  boiler  the  float  F  also  rises,  and  by  elevating  the  extremity  C 

of  the  lever  depresses  the  valve  V,  and  thus  stops  the  flow  of  water  into 

the  boiler ;  thus  a  certain  mean  qutmtity  of  water  is  always  maintained 

in  the  boiler. 

The  Self-regiilating  Damper, 

12.  The  rate  ^t  which  steam  is  generated  in  the  boiler  should  be  equal 
to  the  rate  at  which  it  is  consumed  in  the  cylinder ;  or,  what  is  the  same 
thing,  the  steam  in  the  boiler  should  be  maintained  at  a  constant  pres- 
sure.   In  order  to  eflbct  tliis,  some  connection  must  be  formed  between 


Fig.  74. 


i  y  a  «  w^i.  I* '  i  I-'  I : 
P  aiid  U;  I»  is  i 
(•••;nM7ii>L<--  to  tl: 

th-.  flii^.  L,  a:.'i  li.: 
croit-i.'sS  th-:  dri'-^i 
tJru  K.  N«  w.  t-  '.•• 
I!:.-  f/r*j  A  1>  d-.:*.- 
•  I  th-  •:•  .nn  ir.  :i.-.  ' 
F  h.«'.>  .'iT.l  iall-  "w".'i 
A  15,  au'I  a-  i":..  d 
t'lL-^-.'-T-l',  and  ••  -. 
thi-  pR-iJ^un?  '■:  th-:  - 
t  »ij-   it*  TT-.:>.r  Lr. 

i.  ■_'  r!.  •  rj.r.b.-f  _•:..: 

•  ..      !*■  '-Ik  •   fl'"'  .  •  ..  «.*.     . 

i'  2\\'  !l  ti  the  l;-rT".L. 
«r.'l  cc»:i.*-:¥iuu»t'*y  wl 


»  . '. 


».  _ 


DIFFERENT   f*. 


1 .  The  Kr.-t  -:-:r.r.  •"_--■  -  . 
llii  xTi  ot'  Al'?\i:.  :rl"-,  *.  -     I.    " 
<  ..»•  of  i.'.:r  :»r'  ::i'>"!  • ':._  -  -  • 

T.  si  ;.\>  n :  n  \  '*  ..  z  -. 
?■./•».*  ;::ivL'iS  t:.'  !r  •  -ii ..-    -    -:M 

t).  writf.T  l/jiK  .ot- •:':•.  i- .  -  :• 
I'.'S.  and  ciiu,i'A  li—  c"!-  '-  '  -  r. 
axU. 


•^ 

<• 


62        -   NATURAL  ^'D   EXFESISIEKTAL   PHILOSOFBT. 

Saver^s  Engine. 

2.  This  engine  wus  used  for  laising  wutci  fnaa  deep  mines.  The 
principle  on  which  it  aa>  may  be  explainid  bs  fullows  :  Fig.  77,  C  is  ■ 
large  cylindricul  vessd,  called  Ihi  reoeicer,  into  which  steam  cntere  by 
the  iltaai  pipe  S,  comiuuiiiciiliiig  wiUi  a  strong  boiler,  called  tie  tUam 
bailer,  where  steam  al  a  high  pressure  is  generat- 
ed j  the  steam  pipe  S  has  a  i-ock  n,  called  f/ie  tlcam 
cock,  which  opens  and  closes  the  eominmiicntion 
of  the  rccdvcr  with  the  acorn  boiler  ;  I  is  Me  tit- 
jectioa  pipe,  which  conveys  a  jet  of  cold  water 
into  the  interioi  of  the  receiver  tor  the  puipose  of 
condensing  the  steam  ;  this  pipe  has  also  a  coek  b, 
called  the  iiyeHion  coek;  these  two  codu  a  and  b 
are  turned  hy  the  same  handle  \,  so  that  when  b 
is  open  a  is  cloKd,  and  vice  vena  ;  F  is  a  pipe  de- 
scending into  the  water  which  is  to  be  raised ;  at 
the  top  of  this  pipe  is  the  valve  V,  lifting  up- 
wards 1  E  D  is  a  pipe  proceeding  from  the  bottom  j-(~  f  7, 
of  the  reedver  to  the  ciiitcm,  into  which  the  wata- 
is  to  be  discharged ;  in  this  pdpe  is  placed  the  valve  o,  lifting  v^wards. 

To  work  the  engine,  the  steam  cock  a  is  opened  and  i  j»  shut ;  then 
the  steam,  rushing  along  the  steam  pipe  S,  enters  the  receiver  C,  and 
drives  the  air  out  of  it  through  the  valve  r.  '\\licn  the  receive  is  fiUed 
with  steam,  the  sicam  cotk  a  is  closed,  and  at  the  same  time  the  injec- 
tion cock  b  is  Djicned ;  then  the  jet  of  cold  water  proceeding  fnnn  the 
injection  pipe  iitstonlly  condenses  the  steam  in  the  receiver,  and  avocmim 
is  formed.  The  prcssurc  of  the  ntuux^pbcre  on  the  uiriacc  of  the  water 
in  the  well  or  pit  forces  the  water  up  the  ptp%F,  ond^eArljr  fills  the 
receiver.  The  engineer  now  lava  hold  of  the  handle  A  and  opens  ttie 
steam  coek  n,  at  the  same  time  that  he  closfs  the  injection  eock  b.  The 
steam  again  cntcis  the  receiver,  and  by  its  great  clnsric  pressure  exsted 
upon  the  surface  of  the  water  forces  the  water  through  the  valve  r,  up 
the  pipe  £  D,  to  the  top  of  the  pit  or  mine.  In  the  same  manner  llie 
~  engine  is  made  to  perform  any  number  of  strokes. 

The  defects  of  this  engine  ore  ns  follon-s :  1.  It  is  limited  in  its  appli- 
cation to  the  raUng  of  water ;  2.  There  is  a  great  loss  of  power  at  each 
socccfsivc  lift,  occasioned  b^thc  steam  lAing  in  contact  with  the  cold 
water  in  the  rocdver. 

Neacomm't  Evginc  icith  the  Crcmk  and  Fly  WheeL 
■    S,   This  engine  wu  a  great  improvement  upon  Savery*!.    Its  leading 
features  are  npnsented  in  Fig.  78.     C  is  the  boiler,  conununicating  with 
the  tyliader  £  by  mouu  of  the  ft«am  pipe  Si  F  i*  the  piMon  rod,  con- 
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Fig.  78. 

nectcd  with  a  solid  piston,  which  norkn  steam  tight  in  this  crlindcr ;  the 
rod  P  of  the  pitton  is  connected  with  the  chain  which  coils  round  iho 
■rched  hca<l  a  6  of  the  great  beam  L  L  ;  go  that  as  the  piston  descmdii 
the  extremity  of  the  great  beam  is  drawn  down,  and  at  ihe  same  time 
the  piston  rod  ilota  not  deviate  from  its  vertical  position  ;  G  is  a  eistem 
of  cold  water  colled  tJir  iiyrction  cistern ;  from  this  descends  the  iiyec- 
tion  pdpc  G  I  K,  (si'C  olio  Fig.  79,)  which 
«ntaa  the  bottom  of  the  cylinder:  K  is  Iha 
iitjtclion  cock;  at  the  opjiorile  tide  of  the 
cylinder  there  is  a  lateral  jupc,  turning  up- 
niiTds  at  the  extrcmit)',  having  a  valve 
raited  the  luiflinj  voire,  lifting  upwards :  (1 
in  the  eduction  pi]",  for  draning  olT  the  wat 
fonncd  in  Ihc  cvlindcr ;  the  exticmity  I)  of  "i 
this  pipe  i.1  iiwerted  in  avesFclof  water,  and  hoa 
it*  orifice  closed  by  a  valve  lifting  outwards. 
■\Thai  the  engine  is  required  to  be  put  in 
■edon, —  let  ui  Euppoee  that  the  piston  P  is 
dnnni  to  the  tap  of  Ihe  cyJiader,  —  theaUam  Fio.lS. 
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cock  S  is  opened,  and  the  injection  cock  K  is  closed ;  then  the  rteom, 
having  a  pressure  a  little  above  that  of  the  atmosphere,  flows  from  the 
boiler  into  the  cylinder,  and  drives  out  the  air  through  the  snifting  valve 
N.  When  the  cylinder  is  completely  filled  "with  steam,  the  steam  cock 
S  is  closed,  and  the  injection  cock  K  is  opened ;  then  a  jet  of  cold  water 
is  thrown  into  the  cylinder,  which  instantly  condenses  the  steam;  a 
vacuum  being  thus  formed,  the  pressure  of  the  atmosphere  upon  the  top 
of  the  piston  causes  it  to  descend.  When  the  piston  has  arrived  at  the 
bottom  of  the  cylinder,  the  steam  cock  S  is  again  opened,  and  the 
injection  cock  K  closed;  then  the  steam  again  enters  the  cylinder, 
blows  out,  as  before,  any  air  that  may  have  got  in,  and  forces  the  water 
formed  in  the  cylinder  by  the  condensation  of  the  steam  down  the  educ- 
tion pipe  Q ;  this  water  escapes  by  the  valve  D  into  the  dstem ;  the 
steam  beneath  the  xuston  now  balances  the  pressure  of  the  external  air, 
and  a  counterpoise  at  the  opposite  end  of  the  j^at  beam  raises  the  piston 
in  the  cylinder.  But  in  the  engine  rcjircscnted  by  Ilg.  78  this  is  efifected 
by  the  momentum  of  the  fly  wheel  Q  Q.  In  the  same  manner  any 
number  of  strokes  are  pcrformetL 

In  this  engine  the  pref«urc  of  the  atmosphere  is  the  moving  porv^-er,  the 
steam  being  merely  employed  to  fonn  the  vacuum  beneath  the  piston. 
With  the  crank  and  fly  wheel  this  engine  was  employed  as  a  prime 
mover  of  machinery  generally,  and  the  whole  of  its  parts  were  mode 
self-acting  by  Beighton  and  Smeaton.  Its  defects  arc  as  follow*:  1.  The 
want  of  uniformity  in  the  action  of  the  moving  power ;  2.  ITie  loss  of 
power,  at  every  upward  stroke  of  the  piston,  from  the  condensation  of 
steam  by  the  cold  cylinder ;  for  it  will  be  observed  that  at  every  down- 
ward stroke  the  cylinder  had  to  be  cooled  down  by  the  injection  water. 
These  defects  are  completely  remedied  in  Watt's  double-acting  engines, 
by  introducing  a  separate  vessel,  called  tlie  condenser,  where  the  steam 
is  condensed,  and  by  using  the  steam  not  merely  to  form  a  vacuum,  but 
also  to  move  the  piston  up  and  dowp  by  its  elastic  pressure. 

Waa*s  Engine. 

4.  The  first  engine  constructed  by  Watt  was  what  is  called  the  at- 
mospheric engine,  which  only  difiered  in  principle  from  Ncwcoracn'i  by 
having  the  steam  condensed  in  a  vessel  separate  from  the  cylinder.  Ho 
afterwards  employed  the  steam  to  produce  an  upward  as  well  as  a  down- 
ward stroke,  and  from  this  circumstance  the  engine  has  been  called  the 
double-acting  condensing  engine.  This  new  principle  required  that  the 
piston  rod  should  be  connected  with  the  extremity  of  the  great  beam  in 
such  a  manner  that  the  motion  of  the  piston  should  be  communicated  to 
the  beam  in  both  directions  of  the  ftrokcg    This  led  to  the  inventioa  of 
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ihe  pspill^l  motion  described  at  page  65  of  this  work.  Various  other 
mechanical  artifices  were  also  introduced  by  him,  to  render  the  machine 
perfect  in  all  its  parts ;  such  as  the  contrivances  for  lifting  the  valves  so 
as  to  distxibute  the  steam  above  and  below  the  piston. 

HIGH   AND   LOW   PRESSURE   ENGINES. 

Steam  gngiTioa  are  of  two  kinds  —  the  hiffh  prumre  or  non-condensing 
'"TtgJTiA,  and  the  low  jMresntre  or  condensing  engine.  In  the  hi//h  pressure 
en^tUt  after  the  steam  has  been  admitted  to  the  cylinder  to  press  on  one 
side  of  the  pL<ton,  forcing  it  up  or  down  according  as  it  enters  from  below 
or  above,  it  e^apes  by  a  tube  into  the  open  air.  The  resistance  of  the 
atzDOFphcre  to  the  ibsue  of  the  steam  diminishes  the  working  force  of  the 
piston.  In  the  loiif  pressure  enffine,  the  escajK!  pipe,  instead  of  opening 
into  the  air,  is  conducted  into  a  vessel  called  the  condenser,  into  which 
cold  water  is  constantly  running  to  condense  the  steam.  Ilencc,  as  the 
interior  of  the  lo#  pressure  engine  is  kept  in  a  state  of  vacuum,  except 
where  the  steam  is  acting,  there  is  no  loss  of  power  by  atraosi)hcric  re- 
sistance ;  and  consequently  a  lower  pressure  of  steam  Is  re(iuircd  to  pro- 
duce an  effect  equal  to  that  of  tlic  liijjh  pressure  engine. 

As  all  the  condeii>ing  apparatus  Ls  (lisi)enscd  with  in  the  high  pressure 
engine,  it  occupies  less  sj)acc,  is  much  less  complicated,  and  is  therefore 
used  on  railroads  for  locomotives. 

VALVES    FOR   RECTLATINO    THE    DISTRTP.UTION    OF   THE 
STEAM    TllUOUr.ir   THE    CYLINDEK. 

5.  There  are  various  cf^ntrivanccs  now  in  use  for  regulating  the  dis- 
tribution of  the  steam.  In  the  cntjincs  constnictttl  by  AVatt,  the  valves 
were  opened  and  closed  by  mciins  of  pins,  or  tappets,  fixed  to  an  oscil- 
lating rod,  called  the  plug  tree,  attached  to  the  great  V>cain  of  the  engine. 
In  engines  of  moderate  power,  much  more  simple  contrivances  have  been 
adopted,  such  as  the  slide  valve,  the  I)  valve,  and  the  four- way  cock. 

Slide    ValveSy  SfC. 

6.  Locomotive  Engine,  trith  f/ie  common  Slide  Valve,  Fig.  81  rcpre- 
aenta  the  common  slide,  with  its  relation  to  the  other  parts  of  the  engine, 
as  commonly  used  in  our  locomotives.  Here  P  is  the  piston,  moving  in 
the  cylinder  C,  which  in  a  l^Komotive  engine  lies  in  a  hori/x)ntal  position  ; 
C  D  is  the  piston  rod  pa.<.sing  throutjh  the  stulUng  1k>x  K  ;  1>  E  is  the 
connecting  rod,  being  connected  with  the  piston  rod  by  a  joint  at  I) ;  E 
F  is  the  crank  attached  to  the  axle  F  of  the  driving  wheel  of  the  car- 
riage.   The  effect  of  this  mechanical  airangement  is,  that  whilst  the 

C* 
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piston  moves  backwards  and  foru'ards  in  tbe  cylinder,  the  connecting 

rod  and  crank  transmit  this  motion,  so  as  to  give  a  rotatory  motion  to  the 

axle  of  the  driving  wheels,  which  moves 

the  carriage  fon^'ard  on  the  rail.    We 

have  now  to  consider  a  distinct  pece  of 

mechanism  for  moving  the  slide  valve  up 

and  down  in  the  steam  box  A  B,  so  as  to 

regulate  the  distribution  of  the  steam  in 

its  passage  into  the  cylinder.    The  motion 

of  the  slide  valve  must  be  so  adjusted  that 

when  the  piston  is  ascending,  the  steam 

must  be  entering  the  under  part  of  the 

cylinder,  while  the  steam  above  the  piston 

is  allowed  to  escape  into  the  atmosphere, 

as  in  the  case  of  a  high  i)res8ure  engine, 

or  allowed  to  pass  into  the  condenser  in 

a  condensing  engine ;   on  the  contrary, 

when  the  piston  is  descending,  the  steam 

must  be  entering  the  upper  part  of  the 

cylinder,  while  the  steam  below  the  piston 

is  allowed  to  escape  into  the  atmosphere, 


Fiff,  83.  Fiff,  84, 


Fiff.  82. 


Fig.  81. 


or  the  condenser,  as  the  case  may  be.  In  Fig.  81  A.  Bis  the  steam  hoxt 
which  is  kept  constantly  filled  with  steam  by  the  «team  pipe  S,  proceed- 
ing from  the  boiler ;  the  slide  valce  is  moved  up  and  down  by  the  rod  R 
H  passing  through  a  stuffing  box  K ;  a  is  the  upper  steam  port  or  orifice 
leading  into  tl^e  top  of  the  cylinder,  and  e  is  the  lower  steam  port ;  ex- 
actly between  these  ports  is  an  opening  c,  which  conducts  the  steam  into 
the  condenser,  or  the  atmosphere,  as  the  case  may  be ;  G  is  an  eccentric 
wheel,  which  turns  upon  the  axle  F  as  a  centre  of  motion  \  G  kiB  the 
eccentric  rod  attached  to  the  extremity  of  the  lever  k  H,  turning  on  the 
fixed  centre  I ;  the  extremity  H  of  this  lever  is  attached  to  the  rod  of 
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the  slide  Talve,  so  that  when  the  piston.  P  is  ascending,  the  slide  valve  is 
descending,  and  vice  versa.  The  tlide  voice  is  a  piece  of  metal  hollowed 
on  one  face,  and  made  to  connect  two  of  the  openings,  a  c  e,  on  the  side 
of  the  crlindeTt  at  one  time.  Fig.  81  shows  a  separate  longitudinal  sec- 
tion of  the  valve,  and  Fig.  83  shows  a  view  of  its  hollowed  face.  This 
face  lies  flat  against  the  side  of  the  cylinder,  so  that  the  steam,  in  the 
steam  box,  cannot  pass  beneath  the  face  of  the  valve. 

In  Fig.  81  the  pdston  P  is  supposed  to  be  ascending,  and  the  steam  is 
passing  through  the  lower  port  e  into  the  under  part  of  the  cylinder,  at 
the  «ame  time  the  steam  is  passing  from  the  upper  part  of  the  cylinder 
through  the  upper  port  a,  and  is  discharged  through  the  centre  port  c, 
TVlien  the  piston  has  performed  an  upward  stroke,  and  begins  to  descend, 
as  in  Fig.  82,  the  valve  ha^  made  a  do'wiiward  stroke,  and  now  connects 
the  lower  steam  port  e  with  the  centre  port  c,  leaving  the  upper  port  a 
open  for  the  steam  to  enter  the  upper  ipait  of  the  cylinder ;  and  so  on  to 
anv  numlnar  of  strokes. 

In  practice  it  is  customary  to  have  the  motion  of  the  valve  so  adjusted 
that  the  steam  port  may  be  slightly  open  when  the  piston  has  completed 
its  stroke.  ITie  small  space  thus  open  is  called  the  lead  of  the  valve. 
This  lead  allow?*  time  for  the  steam  to  eiitc-r  the  cylinder,  so  as  to  prepare 
hr  the  succeeding  stroke  of  the  piston. 
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The  D  Valve. 

7.  Figs.  87  and  88  represent  sections  of  this  valve  at  different  po- 
rtions of  the  piston. 

Fig.  85  represents  a  longitudinal  section  of  the  valve  it«ielf.  O 
is  the  valve  rod  working  through  the  stuffing  box ;  £  Is  an  open- 
ing passing  through  the  valve,  of  whicli  a  transverse  or  cross  sec- 
tion L*  shown  in  Fig,  86  ;  S  Is  the  hollow  in  the  valve  through 
which  the  steam  passes  to  the  top  or  bottom  of  the  cylinder,  as 
the  case  may  be  ;  a  6,  in  Fig.  86,  is  the  packing  at  the  back  of 
the  valve,  which  works  steamtight  against  the  valve  box.  This 
is  called  the  D  valve,  from  the  form  of  the  cross  section,  shown 
in  Fig.  86. 

.  In  the  position  of  the  valve  sho^-n  in  Fig.  88.  the  steam 
pasang  through  the  hollow  of  the  valve  enters  the  lower  part 
of  the  cylinder  through  the  port  D,  while  at  the  fame  time 
the  steam  in  the  upper  part  of  the  cylinder  cscnpcs  through  ^-^  g -^ 
the  port  F,  and,  descending  throupli  the  longitudinal  opening 
E  in  the  valve,  enters  the  eduction  pipe  c  leadinj?  to  the  con- 
denscsr.  Fig.  87  represents  an  intermediate  position  of  the 
vahre.  The  valve  is  moved  by  an  eccentric,  precisely  in  the 
muae  manner  at  detcribed  at  page  66. 
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7Xe  Four-way  Cock. 
8.  Tiffi.  SO  and  90  rcpresait  this  ample  mode  of  dlBttibat 
(team.     B,  B,  C,  T  ire  finir  tuba ;   S  communicBtes  vith  M 


Fig.  90. 


ppe  piDcoeding  &am  the  bcnler ;  C  lotda  into  the  condeiuer,  o 
external  eir,  accordiiig  as  the  en^nc  is  a  condensing  or  a  high  ' 
one ;  B  lends  to  the  bottom  of  the  cj'Iindor,  and  T  to  the  to 
llieic  foiir  tubes  enter  a  cock  which  haa  two  ourred  passages 
through  it.  OS  sbon'n  in  Se  figuns.  Tbtse  passages  are  cut  ii 
manner  that  bj  turning  the  cock  thoy  maj  be  made  to  open  a  r 
aieatinp  between  any  tno  adjacoit  tubes.  In  the  ponticn  of  t 
■bown  in  ng.  00,  tho  Keam  ii  pMnng  Umnig^  the  tub*  B  to  tba 
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<r  the  eylndff  i  at  the  maam  time  tbe  «tMm  i«  pMring  fiom  the  top  of 
Iks  ejGDdo'.  thniDBli  tbe  tube  T,  into  tbe  tube  C  leading  to  the  con* 


hfHer.  In  Fig.  89  (he  cock  hwi  peribnncd  a  quarter  of  a  rerolutioii : 
he  elean)  it  now  paning  through  the  tuhc  T  to  the  top  of  the  cylinder ; 
<t  tba  Moae  tune  the  steam  u  pofsiug  from  the  bottom  of  the  eylindcr 
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through  ihc  Iu1«  It,  into  the  tube  C  teading  to  the  condeiuB.    ^i 
niriurio  is  usiuJly  employed  to  move  the  cock  alter  the  tmumei de- 

GESEKAL    VIEW   OF  A   DOCBLE-ACTING   CONDEKSINO 
LXGlNt,  WITH   TUE   FOUR-WAY   COCK. 

9.  The  tlciiia  boilir  and  its  appendages  ace  itrpresmted  in  Fig.  Bl. 
HiTC  F  is  the  furiiiite ;  11  U  the  water  in  the  boiJcr  ;  W  AV  the  tpace 
oruupied  liy  the  ;<tcaui ;  (X  is  ihc  Btcam  pipe  which  conducts  the  Btcom  la 
ihc  eyliudcr  ;  r  u  ft  id  (he  wifccy  tbIvc.  (sec  page  B8  ;)  O  V  the  ppe  of 
the  water  regulator,  S  IxiiiR  the  float,  &c.,  (see  page  fi9  ;}  i  t,  pipe^  l«o- 
ci'cdiiig  from  tlic  hot  waliT  well,  which  Bupplica  the  bmlcr  with  tratcr; 
r  mid  c'  aru  the  water  gauges  :  the  former,  c,  is  called  tht  vater  eodt,  be- 
cause It  couimmiicates  with  the  water  in  the  boiler,  wher?a»  c"  is  called 
lhei(fOHi  port,  liccaune  it  communiealca  with  the  slenm  iii  the  bookr. 
^^'hcn  the  wiiItT  i:\  the  loiler  Mauds  at  o  proper  level,  upon  opening  the 
two  cuek-i,  wuIiT  will  i>«ue  from  the  water  eoi^k  r,  and  eteam  from  the 
Eteani  cwk  c' ;  but  if  the  btolet  contoinB  too  little  water,  the  Meam  vill 
ivue  from  liotli  cocks ;  (  (  is  onotber  form  of  the  water  gauge,  (,«* 
page  60.) 

TV'n  rn;/ii>e,  with  iti  vnrious  parts,  is  represented  in  Fig.  62.  Here 
1!  ¥  is  the  grait  licam  tiimiiiR  on  the  centre  A  ;  B  K  the  parallel  mo- 
tion, (-ee  page  o.j  ;)  E  P  tlie  piston  rod,  attached  to  the  piston  P ;  C  tho 
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1.  Htdbostatics  is  that  part  of  Natural  Philosophy  which 
treats  of  the  weight  and  pressure  of  liquids  in  a  state  of  rest ; 
and  IItdraulics  treats  of  liquids  in  a  state  of  motion. 

2.  FUiid  bodies  differ  from  solids  in  readily  yielding  to  any  pressure 
applied  to  them,  and  in  their  tendency  to  Jhw  through  any  channel. 
Solids  tend  towards  the  earth  in  masses  or  lumps ;  whereas  every  particle 
composing  a  fluid  is  separately  acted  upon  hy  the  force  of  gravity.  This 
peculiar  pnjpgty  of  fluids  depends  upon  the  very  slight  force  of  cohesion 
subsisting  between  their  particles,  which  allows  them  to  have  a  free  motion 
amongst  themselves.  Water  and  air  are  the  most  familiar  examples  of 
fluid  bodies. 

3.  Substances  differ  very  much  in  their  degree  of  fluidity,  or  tendency 
to  flow ;  thus,  water  and  spirits  ore  more  fluid  than  oil  or  tar,  and  airs 
or  gases  have  a  higher  degree  of  fluidity  than  water.  Liquids ^  such  as 
water,  may  be  poured  from  one  vessel  to  another ;  but  airs  or  gases  are 
so  clastic  that  they  cannot  be  kept  in  open  vessels.  Thus  the  particles 
of  Uquids  are  held  together  by  a  slight  force  of  cohesion ;  whereas  the  * 
particles  of  airs  repel  each  other,  or  have  a  tendency  to  fly  away  from 
each  other.  The  little  globules  of  dew  often  seen  on  the  leaves  of  plants 
show  that  the  particles  of  water  have  a  greater  attraction  for  each  other 
than  they  have  for  the  leaf.  A  drj'  needle,  gently  placed  upon  the  sur- 
face of  still  watei*,  will  float,  in  consequence  of  its  weight  not  being  suf- 
ficient to  break  the  cohesion  of  the  fluid  particles  on  the  surface. 

4.  Moreover,  whilst  gases  admit  of  being  reduced  in  bulk  by  a  force 
of  compression,  liquids  can  scarcely  be  compressed  at  alL 
Thus,  let  us  suppose  that  P  is  a  piston,  or  plug,  exactly 
fitting  the  smooth  face  of  a  cylinder  A  B  C  D,  and  first 
let  the  space  A  B  C  D  beneath  the  piston  be  filled  Tsith 
coQinion  air ;  then  a  force  of  pressure  applied  to  the  handle 
will  cause  the  piston  to  descend,  and  thereby  to  compress 
the  air  beneath  it ;  but  the  instant  this  pressure  is  with- 
drawn, the  air,  by  its  elasticity,  raises  the  piston,  and  re- 
gains its  original  bulk ;  hence,  air  is  called  an  clastic 
fluid.  Again,  let  the  space  A  B  C  D  bentath  the  piston 
be  filled  with  water;  then,  however  great  the  pressure 
applied  to  the  handle  maybe;  the  water  beneath  the  piston 
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will  not  be  scnflibly  altered  in  its  bulk.  Hcnce^  water  and  otlier  fiquids 
are  called  non-clustic  *  fluids. 

5.  Three  law3  obtain  in  reference  to  fluid  bodies :  — 
First,  The  surface  of  stiU  water  is  always  horizontal  or 

level.  Second,  Fluids  transmit  pressure  equally  in  all  direo- 
tions.  Third,  The  pressure  of  water  is  in  proportion  to  it^ 
depth. 

6.  The  surfacp  of  still  water  is  always  leveL 

Whatever  may  be  the  shape  of  a  mass  of  water,  its  surfiMe^  at  all 
parts,  \n}l  stand  at  the  same  level  or  height.  Thus,  in  Fig.  2,  /l 
sents  a  vessel  containing  water,  ac  n  bent  pipe 
proceeding  from  the  lower  part  of  this  vessel ; 
now,  the  water  in  A  and  the  water  in  a,  having 
a  communication  ^rith  each  other,  stand  dt  the 
some  level,  h  z.  In  the  common  teapot,  the 
liquid  in  the  pot  will  olwaj-s  be  at  the  same  . 

lo-el  with  that  which  is  in  the  spout.    "Work- 

men  express  this  prcfperty  by  saying  that  "  water  always  finds  its  levdL'* 
On  this  principle,  pipes  are  used  to  convey  water  from  one  place  to 
another,  however  uneven  the  surface  of  the  ground  between  the  places 


Fig,  3. 

may  be.  Towns  and  cities  arc  thus  supplied  with  water  from  distant 
springs.  In  Fig.  3,  S  represents  a  spring  or  fountain,  A  B  C  a  pipe 
conveying  water  from  it  to  a  house ;  now,  although  this  pipe  may  rise 


*  This  18  not  strictly  true,  because,  under  a  pressure  of  15  lbs.  per  square 
inch,  water  is  reduced  about  the  22,000th  part  of  its  Iwlk ;  howerer,  for  all 
ordinary  pressures,  water  may  be  practically  regarded  as  non-^astic. 
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over  hUkt  or  pass  through  vallc^-s,  yet  to  lont;  as  it  does  not  rise  abovs  th§ 
kvei  <^  the  fountain  hettd,  the  water  will  continue  to  flow.  On  this 
pnndplc  the  city  of  Philadelphia  is  supplied  with  water  from  Fairmount 
lesorrcHr.  Xcw  York  from  the  CYoton  River,  and  Boston  from  the  Co- 
chituate  Lake.  On  this  principle,  also,  little  streams  descend  from  the 
Ulb  to  the  plains,  and  mighty  rivers  flow  on  towards  the  ocean. 


Levelling, 

7.  The  heights  of  mountains,  as  given  in  geography,  ar«  always 
estimated  frtnn  the  level  of  the  oc^n.  If  the  earth  wero  an  exact 
sphere,  which  it  is  very  nearly,  the  surface  of  the  ocean  would  be  every- 
where at  the  same  distance  from  the  earth's  centre.  The  surfiice  of  a 
large  extent  of  water  is  consequently  convex ;  but  for  any  small  extent 
of  water,  the  suriace  is  practically  iiut.  A  spirit  level  is  the  instrument 
which  ^  uciialiv  cmployt-d  for  finding  the  difference  of  lo'els  between 
two  place-.  It  con*L>t.s  of  a  p;Ia<^s  tnlx?  li  F,  filled 
"uitli  frjurits  of  vine,  c::ocptinic  a  f^mall  part  IJ, 
called  tlic  air  bubble.     'IhU  bubijle  always  risw  to  2^-«,  4, 

the  higher  end  of  the  tube  ;  but  when  the  tube  is 
pcrieclly  level,  the  bubble  stands  at  the  middle,  B.     In  using  this  instru- 


-  '1      -    —     •  ■  ^ 

»    ; .1 


I  — 


\W^^ 


Fig,  6. 

ment  for  ordinary  purposes,  such  as  finding  the  levels  for  buildings  or 
drains,  it  is  fixed  in  a  frame  with  idghts  placed  over  the  direction  of  the 
tube;  but  when  levels  arc  to  be  taken  for  great  distances,  such  as  occur 
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<n  of  railwayn,  the  iiwtTumcnt  'a  fixed  upco  the  t(^  ef  • 
■P7  gliuis,  or  tL'lc^nijif,  mountcil  ou  a  triixxl  »tand,  as  in  the  accbni^uif' 
iiig  Hgur?,  where  U  P  Lit  tbc  sjiicit  level ;  A  B  the  ipj  glass  fixed  in  the 
bonjEonlal  plate  C  D ;  screws  are  placed  bdow  this  plate,  for  adjustilig 
the  spirit  level ;  L  L  L  aic  portions  of  the  legs  on  which  the  instrument 
stands  i  the  Bpy  glass,  with  the  eidrit  level,  tmns  round  on  a  vcrtjoil 
axis,  so  that  the  peiwn  using  the  instrument  ccn  direct  the  £pj  glas* 
lownrda  any  object.  It  will  be  oliscrvcd  that  the  line  of  vision  thiough 
the  spy  glnss  is  a  levi^l  Une,  for  it  is  exactly  porolicl  to  the  level  lino 
farmed  by  the  spirit  level.  In  order  to  show  the  manner  of  udng  tliii 
iostnimcut,  let  it  be  required  to  oscertsiii  whether  there  is  a  previa  de- 
went  tor  water  from  a  wvU  nt 

¥  to  a  villa;2e  at  D  :  plarc  the  o  c 

iijBrit  level  I)  on  the  cminpnca 
E,  from  which  levelling  staits 
r  mid  a  1)  can  be  seen :  ad- 
just the  level,  and  direct  the  ^ 
spy  glass  to  the  ttaff  F ;  turn 
the  i<py  glasH  uixin  its  vertical 
Bids,  ami  <Urect  it  to  the  staff  Fig.  C. 

U  11 1   then  the  difference  be- 

tH-ecn  tiic  hdghts  ot  the  staves  O  B  and  F  will  give  the  descent  of  tl» 
-water  from  the  well  lo  tlie  (ilncc  Q. 

8.   The  line  which  is  determined  by  the  tpirit  level  is  a  tsngant  to  tlie 
earth's  turfoce  :  in  taking  le^'ehi,  therefore,  in  this  manner  for  any  great 
distance,  eji  allowance  miirt  l)c  mndc  for  the  eonvexil;  of  the  earth  ; 
this  allowiince  is  at>out  8  inches  for  a  tui'.e.    In 
Fig.  7,  D  A  O  rejireacnts  a  portion  dT  the  rarth's 
mrface,  or  the  loini  which  the  water  of  the  oi 
assumes  i  A  B  is  the  apparent  fectl  taken  from  f;„   j-_ 

A,  or  the  line  determined  by  the  spirit  level ; 

A  C  is  the  true  lerel,  or  the  surlate  which  water  extending  from  A  to  C 
would  assume ;  B  C  is  the  comdion,  or  the  difference  between  the  ap- 
parent level  and  the  true  level,  which  is  about  S  inchee,  when  the  dti- 
tanec  A  C  is  one  mile. 


9.    Fluids  trnnsmic  p 


1  nil  din 


e  equ.illy  ii 

In  order  to  exemplify  this  principle,  let  as  mipposo  a  bladder  to  be 
filled  with  water,  and  after  the  mouth  is  closed,  let  it  be  squeezed  or 
taessed  with  a  force  nearly  sufficient  to  burst  it ;  now,  every  particle  at 
the  water  will  undei^  the  same  amount  of  pressure,  and  everj  part  of 
the  bladder  will  be  preased  upon  bj  the  water  with  the  aame  finoe. 
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10.  In  tbc  syringo,  Fig.  8,  the  piston  or  plug  P  lb  ibrccd 
down  upon  the  water  beneath  it,  and  the  pressure  thuft  "^nt)- 
duced  18  tranflmitted  equally  through  the  whole  body  of  the 
fluid ;  hence  it  is  that  the  water  is  driven  out  at  the  orifice 
O  with  a  force  coreEponding  to  the  pressure  applied  to  the 
piston- 

11.  The  principle  of  the  hydzostatic  press  dqxmda  upon 
this  property  of  fluids  :  In  Fig.  9,  A  and  a  are  two  cylinders 
containing  water,  connected  by  a  pipe ;  P  Ls  a  piston  fitting 
th«  large  c>'liuder,  and  p  another  piston  fitting  the  small  one. 
Now,  any  pressure  applied  to  the  small  pie^ton  will  be  traiis- 
nitted  by  the  water  to  the  large  piston,  so  that  c\'cry  portion 
of  surface  in  the  large  pbton  P  will  be  pressed  upwards  with 
the  flome  force  that  an  equal  portion  of  surfac-c  in  the  small  n/  '^ 
inston  p  is  jiressed  downward*.     For  example,  let  p  contain    • 

one  inch  of  surface,  and  let  the  downward  pressure  applied  to  it  be  20 

Ibi.;  then  every  inch  of  surface  in   P  will  be 

prc<!rfd  upwards  with  the  forcu  of  20  11  >s.,  and  j, 

therefore  as  nianv  times  as  the  surface  of  the 

Hrgc  pi^tf^n  is  pouter  than  that  of  the  small  one, 

just  ^o  many  tiTMCs  will  the  uiiwiu*d   pressure     r: 

upon  the  largo  piston  l)c  greater  than  the  (Ionnti- 

ward  pressure  upon  the  small  one;   thus  if  P     [ij 

cuntain  a.  surface  af  30  inches,  then  tlie  i)rcs<>iLrc 

upon  it  will  be  equal  to  30  times  20  lbs.  cr  GOO  Ib.^!. 


Ui 


■  r  "J. 
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1 2.    Tho  pressure  of  water  is  in  proportion  to  its  depth. 

As  oil  the  particles  of  a  fluid  press  on  those  immedicntc^ly  below  them, 
the  particles  at  any  given  depth  will  have  to  sustain  tho  weii^ht  or 
pressure  of  tho*o  which  lie  al)Ovc  them.     Thus  Fig.  10,  the  particles  at 
the  bottom  1  J  of  a  vessel  lUlcd  with  water  will  sus- 
tain  double  the  pressure  of  tho-ic  lying  in  the  middle  '^  ."  ~~~Z~ 
E  F ;  and  the  particles  at  this  depth  will  sustain  double  q  ; ,.:..  —  ...". 
tlKS  pressure  of  those  IWng  in  C  D  at  one  fourth  the     •{  -    :1   .,|  y  • 
whole  depth  ;  and  so  on  ;  hence  the  pres«iure  of  wator  e  ■  -:— .-^"TrT  ..> 
at  any  depth  is  in  proportion  to  that  depth.     But  as  _   . .  - Ji'^ ., 

water  transmits  prrssure  efpially  in  all  directions,  thw  ^         --  -^-  i 
pressure  will   act  sidewjivs   as   well   as  down  wards,      i  -    •     ^  ■J  . 
Hence  the  pressure  at  the  jjoints  A,  ( ',  E,  ( r,  and  K  ^ 

will  be  a^  the  numliors  0,  1 ,  2,  3,  and  1  —  that  is,  a.-* 
the  denths.    Let  holes  be  bored  of  the  same  size  at  ^'^*  ^^' 

the  points  D,  F,  H,  J,  and  K ;  then  the  water  will  flow  out  at  these 
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holes  with  forces  proportioned  to  the  pressure  of  the  water  at  these 
points  —  that  is,  wixh  forces  in  proportion  to  the  depth  of  the  holes  be- 
low the  surface  A  B  of  the  water :  thus  the  water  will  flow  from  K  and 
J  with  the  same  force;  from  F  it  will  flow  with  half  the  force  that  it 
does  from  K  or  J ;  from  D  it  will  flow  with  one  fourth  the  force  that  it 
does  from  J ;  and  so  on. 

Pressure  on  the  Sottom  of  Vesseb. 

13.  In  upright  vessels,  the  pressure  on  the  bottom  is  ob- 
Tiously  equal  to  the  weight  of  the  water:  thus,  in  Fig.  11, 
the  pressure  on  the  bottom  D  C  is  equal  to  the  weight  of  the 
water  F  G  C  D  contained  in  the  vessel ;  hence  the  preuun 
upon  the  bottom  of  a  vessel  it  found  by  muUiplying  together 
the  area  of  the  base,  the  perpendicular  depth  of  the  water ,  and 
the  %Deijht  of  a  cubic  foot  of  water. 

An  example  will  render  the  truth  of  this  rule  more  apparent. 

Rroitiple,  Let  the  area  of  the  base  D  C  contain  two  square  feet,  and 
let  the  depth  of  the  water  G  C  be  three  feet ;  required  the  pressure  on 
the  bottom  of  the  vessel,  the  weight  of  a  cubic  foot  of  water  being 
1000  oz. 

Content  of  water  =  area  base  X  perpendicular  height. 

=  2X3  =  6  cubic  feet. 

Weight  of  water,  or  pressure  on  base,  =  6  X  1000  =  6000  or. 

1 4.  The  pressure  on  the  bottom  of  a  vessel,  whatever  may 
be  its  form,  depends  solely  upon  the  area  of  the  base  and  the 
perpendicular  depth  of  the  water.  This  arises  from  the  law 
of  equal  distribution  of  pressure- explained  in  Art  9. 

Figs.  12,  13,  and  14,  represent 
three  different  vessels  having  equal 
bases  and  the  same  perpendicular 
depth  of  water  in  them ;  all  their 
bases  will  sustain  the  same  amount  of 
pressure.  Hence  the  pressure  on  the 
bottom  of  a  vessel  containing  water  is  equal  to  the  weight  of  a  oohmui 
of  water  whose  base  is  equal  to  the  bottom  of  the  vessel,  and  its  height 
equal  to  the  depth  of  the  bottom  from  the  surfiice  of  the  water :  thus  in 
the  three  forms  of  vessels  represented  in  the  foregoing  cut  the  pressure 
cm  the  bottom  is,  in  all  the  cases,  eqiud  to  the  weight  of  the  ootmnn  of 
water  A  B  C  D. 


Fiff.  12. 


18. 


14. 
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Upward  Pre$iure  of  Water, 
Ifi.  Tlie  tipwaid  prcisurc  of  naUr  is  very  dcaily  ptored  by  the  M.- 
lowii^  Boi^  exfKiLmcuU :  — 

Exp.  I.  Tie  a  piece  of  bUddra-  B  (.I'ii;.  16)  In  one  end  of  m  ■>  ha. 
open  tube  A  B ;  pour  valei  iuta  it ;  thoD,  owliij'  to  the  prca-  |  I 
WK  of  thia  water,  the  bladder  becomra  coavcx  ;  dip  the  tube  ht-^J 
iato  A  Tcteel  of  water;  as  the  tube  is  dcpieaed  the  bladder  be-  Nt^ 
gone*  leu  and  laa  eonvu,  and  it  becomes  perfectly  flat  when  'JU^' 
tiw  wttcr  in  the  tube  is  on  a  Jcrtl  with  the  water  in  the  vcs-  H-l^| 
id,  far  then  the  upward  preoure  cf  the  latter  is  equal  to  the  ^^l?w 
downwud  prcaure  of  tbq  former ;  when  the  tube  ia  plunged  Fig,  Ifi, 
dcepcs  than  this,  the  bladder  be<i3me<i  concave. 

Eip.  2.  In  Fig.  1G.  A  B  is  a  thick  tube  having  its 
oodcr  end  ground  «>iaight ;  it  is  a  flat  iiiece  of  lead 
having  a  ntring  ^i  II  attaclicd  to  it,  to  that  the  plate  of 
lead  may  he  dm-A-n  close  ti)  the  end  of  the  lube;  plunge 
the  tube  into  a  vtssel  of  water;  quit  the  hiring:  the 
]iUtu  rcmnina  Rupi»rtcd  by  the  upward  prc*>uri;  of  the 
watd ;  Toiitc  the  tube  until  the  load  fidU  oif;  Dt  thi^ 
point  the  di.'pth  of  the  lead  below  the  surface  of  the 
fluid  will  be  about  clcixn  timcii  its  thitluu-si',  for  lead 
is  about  eleven  tiincM  the  weight  of  on  cijual  bulk  of      p=i 

Ktp.Z.  Dip  theend  BofaFinalltubc(Fig.  171  into 
qujckiilver  ;  stop  the  upjipr  end  A  with  the  finger  a:id 
lift  up  the  tube  from  the  quicltsilver :  a  wnull  euluinn  of 
rjuicLsilvcr  rcmaiiia  in  the  lower  end  of  the  tube.  I'lunge 
the  CTid  of  the  tube  into  ;i  ves-'cl  of  wiitcr  to  a  depth  rather 
mne  than  Vi^  tinie-t  the  length  of  the  Utile  ei'himu  of 
quicksilver,  then  take  away  tlic  finger:  the  qiiirkFilver  re- 
mains KUpportcd  by  the  u|>wnnl  piissiirc  of  the  wali-r.  It 
■will  bo  obs-TFVcd  that  quick«lvcr  is  about  134  tunes  the 
ircight  of  an  equal  bulk  of  wnlei. 

Ifi.  The  upn-un!  pressure  of  a  long  column  of  water  is 
Nrikingly  mhibitcd  in  the  Ay^rottniic  brilovn.  Two  tmanls, 
A  and  U,  Fij;,  IS,  are  cotiiiectcd  together  by  means  of 
leather,  as  in  tlie  (-ommnn  lielliiws ;  a  Fmall  pii>e  n  ft  c  com- 
municatci  with  the  inside  of  the  bellows ;  a  hmvy  iicight  AV 
upon  the  upper  bnnrd  to  i-how  the  effect  of  tlic  prcHRure. 
pontd  In  M  the  mouth  douta  fill  tho  bcllowi  as  well  w 
7' 
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21.  Tlie  cenire  of  pitjisiiru  id  tl;;tt  pan Jcular  point  in  tbe  ■ 

(iicle  of  a  vessel  wliei-e  llie  wboie  pressure  upon  it  maj  1m 

conceiveJ  to  bo  iipjiiitid  ivilliout  allfi'iitj  (lie  iiiletr. 
Thu»  (Fig.  23)  let  the  surface  A  Q  I)  U  be  subject  to  tlie  prcanire  of 

wutur;  theu  there  mu&l  be  a  piiiut  C  in  tliat  surlacc  \rl)(9«  a  single  vg- 

poeiiig  piCiRurc  nuiy  be  iipitli«l  u'tucli  BhiQI  cxactl;    , 

Lnli^cc  the  whole  guvi^uTC  uf  the  water  ;  ihia  point  0 

Li  cuUnl  the  eenliv  n/'  pr^tajun:    Tliid  piuiit  ■uu.--t  ubvi- 

uu.Oj  tic  ill  tlis  v>nit;ul  line  U  I*,  dividing  the  Etirfbcc 

ecjually ;  iiiotenvw  it  Ill1l^t  K'  r.(!»er  lo  the  bottom 

than  it  is  to  the  toil ;  i:i  fiict  it»  distaiim:  from  the  lot- 

loin  i»  found  to  be  mw  third  the  whult'  donih ;  th.-.t  is 

to  fny,  F  C  if  cq'iol  to  unc  third  K  F.    .\j\  cxuniplo 

*ill  reudcr  the  s-iibjeet  tnure  ii'oin  ;  — 

Ex.   iM  the  brendth  A  Q  =  4  feet,  the  di:ptb  A  G  a 

required  the  pMition  of  the  a 

Eure  of  the  water- 
Here  the  distance  ff  llie  c 

vesstl  i»  cii'iul  1"  1  (if  9  fo-'l.  ( 
To  lind  (he  jTiMure,  we  ba 


re  of  pTC^ure,  and  olu  the  whole  [■(•• 

c  of  pressure  fcum  the  bottom,  of  the 


I 
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VDitj,  the  specific  grayity  of  any  other  substance  is  expressed  by  the 
innnber  of  times  that  it  is  heavier  than  an  equal  bulk  of  water :  thus 
iron  is  8  times  the  weight  of  an  equal  bulk  of  water ;  therefore  the  i>pe- 
dfic  gravity  of  iron  is  8 ;  and  so  on  to  other  cases.  Now,  the  weight  of 
a  cubic  foot  of  water  is  exactly  1000  ounces ;  hence  we  ilnd  the  wdght  of 
a  cubic  foot  of  any  substance  by  umply  taking  its  specific  gravity  as  so 
many  thousands  of  ounces ;  thus  the  weight  of  a  cubic  foot  of  iron  is 
8000  ounces. 

S3.  A  body  sinks  or  floats,  according  as  its  specific  gravity  is  greater 
cr  less  than  the  fluid  in  which  it  is  immersed ;  and  when  the  specific 
gravity  of  the  body  is  equal  to  that  of  the  water,  the  body,  upon  being 
immened,  neither  rises  nor  falls,  but  remains  as  it  were  suspended  in  the 
fluid  at  all  depths. 

24.  The  most  important  laws,  regulating  the  pressure  of  fluids  on 
iolids  immersed  in  them,  are  as  follows :  — 

1.  When  a  solid  body  floats  on  a  fluid,  the  weight  of  the 
fluid  displaced  is  equal  to  the  weight  of  the  body. 

2.  When  a  heavy  body  is  weighed  in  water,  the  weight 
which  the  body  loses  is  due  to  the  upward  pressure  or  buoy- 
ancy gf  the  water,  and  is  equal  to  the  weight  of  the  water 
displaced. 

2-5.  The  following  experiments  are  intended  to  illustrate  these  impor- 
tant laws,  as  well  as  other  properties  of  fluids  depending  upon  their  spe- 
cific gravity. 

EXPEIUMENTW. 

Exp.  1.  Fluids  may  be  placed  upon  each  other  in 
the  order  of  thdr  specific  gravities;  thus  mcrcm^*, 
water,  oil,  and  spirits  may  be  placed  upon  each  othc?r 
in  a  test  tube,  as  in  the  annexed  cut.  (Fig.  24.) 

Exp.  2.  Fluids  may  be  made  to  balance  each  other 
by  their  oppos»iiii»  pressures,  and  in  such  caries  the 
columns  of  the  fluids  are  reversely  as  their  spcc'iiic 
gravities.  Tuke  a  Ijcnt  tul)e,  (Fig.  25, )  introduce  a  little 
mercury  into  one  leg,  and  some  water  into  the  other : 
the  column  of  water  will  be  about  1.3^  times  the  height 
of  the  mercury,  in  order  that  they  should  balance  each 
other.  From  this  it  follows  that  mercury  is  about  13i^ 
times  ttic  weight  of  water. 

Exp.  3.  Tty  water  and  muriatic  ether,  as  in  the  last 
ci^periment :  the  column  of  ether  will  be  about  U 
ticMi  the  column  of  water. 
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Fig.  26. 


Exp.  4.  A  light  fluid  will  rise  within  a  heavy  one.  Take  a  flmall 
bottle  flllcd  with  red  wine,  (or  any  colored  liquor  flpecifically  lights 
than  water;)  invert  it  ^ith  its  mouth  at  the  bottom  of  the  Tcoel  of 
water :  the  wine  rises  through  the  water. 

Exp,  6,  A  heavy  fluid  will  sink  in  a  Ughter  one.  Take  a  email 
bottle  flUed  with  diluted  sulphuric  add,  colored  red  by  the  tincture  of 
litmus;  invert  the  mouth  of  the  bottle  at  the  top  of  some  hot  water: 
the  heavy  colored  liquid  descends  through  the  water. 

Exp.  6.  Fill  a  vessel  A  (Fig.  26,)  having  an  opening  a»  with  water,  until 
it  begins  to  run  out  at  a ;  place  any  floating  body  W 
on  the  surface  of  the  water ;  the  body  sinks  to  a  cer- 
tain depth,  and  thereby  displaces  a  portion  of  water 
equal  to  the  bulk  of  that  part  of  the  body  which 
is  immersed ;  receive  tlus  water  in  the  vessel  B ; 
weigh  the  water  thus  received,  and  it  will  be  found 
to  be  equal  to  the  wdght  of  the  floating  body. 

Exp.  7.  Again:  fill  the  vessel  A  "with  water 
until  it  begins  to  run  out  at  a ;  immerse  any  body 
W  completely  in  the  water,  then  a  quantity  6f 
water  will  run  out,  into  the  vessel  B,  equal  in  bulk  to  the  body 
immersed  ;  weigh  this  water,  and  it  will  give  the. weight  of  water  equal 
in  bulk  to  the  body.  The  actual  weight  of  the  body  divided  by  the 
weight  of  this  water  which  it  displaces  will  give  the  specific  gravity  of 
the  body :  thus  if  the  weight  of  the  body  is  6  ounces,  and  the  weight  of 
the  water  which  it  displaces  3  ounces,  then  the  weight  of  the  body  will 
be  2  times  the  weight  of  an  equal  bulk  of  water  ;  that  is,  the  specific 
gravity  of  tlie  body  will  be  2,  that  of  water  being  1.  This  is  a  simple, 
though  some\vhat  rude,  method  of  finding  the  specific  gravity  of  a  body. 

Exp,  8.  Two  equal  weights  A  and  B  (Fig.  27) 
are  duly  balanced  over  a  pulley ;  place  one  of  them 
A  at  the  bottom  of  an  empty  vessel ;  pour  water 
into  the  vessel ;  the  equilibrium  is  destroyed  by  the 
buoyancy  or  upward  pressure  of  the  water  upon  the 
weight  A,  and  it  consequently  ascends  to  the  sur- 
face of  the  fluid.  Hence  it  requires  less  force  to 
raise  a  body  in  water  than  it  docs  to  raise  the  same 
body  in  air, 

Exp,  D.   Take  a  small  long-necked  bottle,  and  put 
some  shot  mto  it,  so  as  to  make  it  float  to  a  con- 
venient depth  in  water ;  make  a  mark  on  the  neck  of  the 
bottle  at  the  level  of  the  water ;  now  float  the  bottle  in  some 
other  liquid,  such  as  oil  or  beer,  whose  specific  gravity  is  less 
than  that  of  water ;  the  bottle  nnks  to  a  greater  depth. 


Fig.  27. 
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Here  the  bulk,  of  the  displaced  liquid  is  greater  according  as  its  specific 
gravity  is  less. 

Exp,   10.   To  show    that  the   laujht  xchich  a  body  loses  in  toater 
is  equal  to   the   weight  of  the  fluid  displaced :  place  a  hollow   cyUn- 
dcr  a  on  one  scale  of  a  baluuce,  aiid 
suspend  to  this  scale  a  solid  metal  cyl- 
inder b,  which  exactly  fits  the  hollow 
formed  in  the  otlicr  cylhidcr  a ;  place  a 
freight  c  on  the  opposite  scale  so  as  to 
restore  the  balance ;  plunge  b  into  a  ves- 
sel of  water ;  the  scale  c  descends :  now 
fill  the  hollow  cylinder  a  with  water ; 
the  oquilibriupi  is  rcston>d.    It  will  bo 
observed  that  the  water  which  restored 
the  equilibrium  is  equal  to  the  bulk  of    fj^' 
the  body  b,  '^^  ^ 

Exp,  11.  Balance  a  glass  of  water  in 
a  pair  of  common  scales ;  suspend  a  1^*0 
ounce  brass  weight  by  a  fine  thread  hold  the  weight,  thus  suspended, 
in  the  water ;  then  the  scale  on  wliich  the  glass  of  water  is  placed  de- 
scends and  it  will  ix?quirc  about  a  quai*ter  of  an  ounce  to  restore  the 
equihbrium.  This  quarter  of  an  ounce  is  the  weight  of  water  equal  in 
biilk  to  the  brass  weight ;  therefore  brass  is  about  eight  times  the  weight 
of  an  equal  bulk  of  water. 


Fig.  29. 


^^   /ind  the  Specijic  Gravity  of  Liquids  by  Means  of  a  small 
^  Bottle. 

a  small  glass  bottle  having  a  long  neck ;  find  the  weight 

fill  it  with  pure  water  up  to  a  certain  mark  made  upon 

the  bottle  and  water ;    tlicn  the  dilFerence  between 

five  the  weight  of  the  enclosed  water.    Pour  out  the 

*9t  the  Hquid,  whoso  sjjeciiic  gravity  is  to  be  deter- 

.i\  of  the  mark  madf»  upon  the  neck  of  the  bottle ; 

e  and  liquid ;  thru  tlio  difTeronce  between  this  weight 

jie  bottle  it5clf  yvilX  give  the  v.L-ight  of  the  enclosed  liquid. 

-flg  thus  obteinc<l  the  v.eight  oi  equal  bulks  of  water  and  tho 

Jie  latter  weight  divided  by  tho  former  will  give  the  specific 

jj  of  the  liquid.     For  example,  let  the  weight  of  the  empty  bo**' 

.  200  grains,  that  of  the  bottle  filled  with  water  800  grains,  fx^,"^  *P*^ 

of  the  bottle  and  liquid  1100  grams ;  then  we  have  '^  mstru- 

I  200  grainB, 
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■Wright  of  the  n-atet  =  800  —  20J  =  GOO, 
Weight  of  the  liquid  i=110U  — ■^03  =  000; 

Specific  gravity  of  the  liquid  ^      .  ^  [i 
CuO 

To  Jtnd  the  Specijic   Graviti/  of  Bodies  by  ike  Hydrostatic 

Balance. 

27.  The  hydrMtatic  baiance  difTeis  from  an  ordmuj  one   ODlf  in 
luTing  a  book  attjiched  to  the  under  side  of  one 
of  the  scales.    The  body,  whose  specific  prnvity  is  j 

to  be  found,  ia  suspended  from  the  hoik  by  a.  horeo  [  _ 

hair,  and  then  its  weight  is  dutCTminril.    It  ia 
now  wdghed  iu  water,  nnd  thus  its  losa  of  wtight 
ia  ascertained.     Sow,  it  has  bpoi  explained  (see   ) 
Exp.  JO)   that  the  weight  which  a  lodj  loees  in  ^Sft 

water  is  equal  to  the  weight  of  n  portion  of  water  SH 

equal  in  bulk  to  (ha  body,  and  hence  we  hare  the  p^  gg 

Mlowing  rule :  — 

The  Bpecific  gravity  of  a  body  ia  equal  to  its  weight  di- 
vided by  the  weight  whith  it  loses  in  water. 

Ex.  The  weight  of  a  solid  body  Is  200  grains  btit  its  waight  in  water 
is  only  150  grains :  required  the  specific  Rravity  of  the  body. 

Here  the  loaa  of  weight  in  water,  or,  wliat  is  the  same  thing,  tb* 
weight  of  water  equal  in  bulk  to  the  lody  =  200  —  loO  ^  fiO  i  but 
ths  wraght  of  the  body  itself  =  299 ; 
'  The  specific  gravity  of  the  body,  or  the  number  of  times  which  it  ia 
200 
heavier  than  an  equal  bulk  of  water,  ^  -rz  ^  i- 

23.  The  Fpeciflc  gravity  of  Uqitids  may  be  found  by  the  hjdrostado 
balance,  in  the  following  manner :  — 

Weigh  a  sohd  body  in  water,  m  well  as  in  the  liquid  whoso  tpeciSo 
grttvity  is  to  be  dotennincd ;  then  the  low  in  each  cubc  will  be  the  re> 
qiective  weights  of  equal  bulks  of  water  and  the  liquid  :  therefore  — 

The  losa  of  weight  in  the  liquid,  divided  by  ihe  loss  of 
weight  in  the  water,  will  give  llie  specific  gravity  of  the  liquid. 
-  The  tolid  body  used  in  this  pmccss  b  i;sually  a  heavy  pece  of  glaH, 
veninndcd  irraa  the  rcale  hy  means  of  a  iinc  platinutn  wire, 
bottle  at  \.  heavy  piece  of  glan  loara  2  ounces  when  wtijbed  in  wits', 
other  liquioa  whoi  wagbed  in  ^utcd  Eulphuiic  add :  requited  th»  ap*. 
than  that  oiof  tbs  aod. 
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Jtcie  the  TCdgbti  of  equal  bulks  of  the  two  liquids  in  2  a-id  3  oi 


Spctiiic  giaritj-  of  tic  acid  = 


,}. 


23.  A  false  jold  coin  may  he  detected  by  finding  iti  spcdlic  gTaiity, 
la  as  pure  gold  ba»  ■  gieatiT  spcciiic  gravity  than  ftay  of  the  metals 
nifh  as  tilver  or  copper,  with  wbicb  it  may  i>e  ndulteratcd,  tliB  couiitcr- 
[Qt  coin  will  have  a  le^s  iipcdfic  gravity  th4m  Btonduid  gold.  Xr;id»- 
mcn  uie  a  Tciy  mmple  method  for  dctectiug  a  fhlsc  coin.  A  Ftnntlard 
coin  must  have  a  proper  wdght,  and  also  a  certain  bulk  corrtfipondiiig 
to  its  weight ;  now  a  falK  coin,  having  the  ptuper  weight,  -n-ill  have  a 
ftaXCT  hulk  than  a  true  une  ;  hence  the  trodcsmiui  cmplQj-s  t«"o  trsta 
for  SKertaiuijis  a  good  coin  ;  he  lint  wdi;lu  it,  and  if  this  ij<  found  cor- 
na,  hr  then  trie*  to  puis  it  through  a  slit  made  exactly  10  fit  tiie  thick- 
sen  and  diamclcT  of  n  Etaiidoid  coin ;  if  the  coin  undtr  ei&miuatLon 
doa  not  po!«  through  tbii  elit,  he  concludes  that  the  coin  is  counteHl-it. 


SpfC'nc  Gravity  of  Bodies  determined  Jj  the  IFifdromeler. 

30.  Those  innruraents  depend  uicn  the  iirincijile,  that  the  weight  of 
a  £-.Mi;iK  body  i-;  eijual  to  the  weight  of  the  fluid  which  it  displaces, 

XJi-Ao-'uMi's  It^'bom-frr  is  m  contrived  :is  to  dttcrmino  the  EpeciEc 
parity  <if  solid*  a-i  well  ax  liquids  In  Fi^.  D 1 ,  II  ia  a 
LiUiiw  lintl,  to  whieh  a  attadicfl  n  tine  win:  i,  iitiiiiiottin;; 
•  <(:'h  C'  for  receiving  weights;  proceitling  from  the-  under 
Fid:  of  the  bull  is  the  »Iirrup  D,  eniT}'in<;  n  heavy  di<b  F 
fi.r  prwwving  the  sluljility  of  the  iiirtrumcnt  when  it 
floa!^  and  fnr  holiliii;*  any  solid  hody  who«c  Epccilic  gray- 
ily  i*  to  ho  dttcrmincil.  The  instnimert  is  floated  in  pure 
water,  and  a  weiiiht  of  IPOO  praiiis  ii  put  into  the  du'h  C ; 
now,  the  weigiit  of  the  inflrumcnt  it  m  adjusted  that  it 
dnkf  to  about  the  middle  of  the  line  Fleni ;  and  a  mark  >  \ 
ii  Buuli>  nt  this  piiini. 

SI.   Todrtimunc  th(n=pcdlie  srnvity  nf  a  liqiiii:  — 

Place  the  ui"ttunieiit  in  the  liniiid,  nnd  imt  wiiylit.;  liito  the  dish  C 
until  the  mark  I  <>n  the  item  Biiiks  to  the  love!  of  tbe  ■■iirrarc  t.f  ihe 
li'ioiil.  Tbc*c  wdghts  udded  to  the  weiaht  of  the  in-triiTiie:it  will  be 
equnl  ti  the  weight  of  the  liquid  di^plaeed ;  but  the  weight  of  (he  in- 
fttuiRCnt  adiled  to  1000  oi.  is  equal  to  the  weight  of  an  cquo!  bulk  of 
irattT ;  thrruforc  the  former  siun  divided  by  the  latter  will  give  the  spc- 
cUe  p»Tity  of  the  lic|uid.  For  example,  let  the  weight  of  the  instru- 
BOit  be  SOOO  gtaiut,  the  weight  put  on  the  dish  C  equal  to  200  graint. 
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Wiight  of  displaced  water  =  3000  +  1000  =  4000  ; 

««         •«         Hquid  =  3000  4-    200  =  3200; 

3200 
Specific   gravity  of  liqmd  =  j— — •  =  .8. 

32.  To  determine  the  spx*iiic  j^avity  of  a  aoUd  :  — 

Place  the  iastrumcnt  in  water,  and  put  the  solid  in  the  upper  dish  C  \ 
add  weights  to  this  di^h  until  the  mark  s  on  the  stem  siiiks  to  a  Icvd 
with  the  fluid ;  then  th'jsc  weights,  together  ^lith  the  weight  of  the  body, 
must  be  equal  to  1000  grains;  therefore  the  weight  of  the  body  itself 
must  be  ccjual  to  1000  grains  Ic^  by  these  weights.  For  example,  if  600 
grains  are  added  to  the  dii^h  C-,  then  the  weight  of  the  body  is  equal  to 
1000  grains  less  by  GOO  grains,  or  400  grains. 

LdPthc  body  be  now  placed  in  the  lower  dish  F,  and,  as  before,  let 
weights  be  placed  in  the  upper  dL^h  imtil  the  mark  a  sinks  to  a  level 
with  the  water ;  then  these  weights,  together  with  the  weight  or  down- 
ward tendency  of  the  Iwdy  in  the  water  are  equal  to  1000  grains;  there- 
fore the  weight  of  the  body  in  water  is  equal  to  1000  grains  less  by  the 
weights  addoi  to  the  upper  dish.  Suppose  these  weights  to  make  up 
800  grains ;  then  the  weight  of  the  body  in  water  is  cqiml  to  1000  grains 
less  by  800  grains,  or  200  grains. 

Now,  ha\*ing  obtained  tlic  weight  of  the  body,  400  grains,  and  also 

its  weight  in  water,  200  grains,  the  loss  of  weight  in  water  will  be  equal 

to  the  difFiTcnce  of  these  weights  —  that  is,  in  tlus  case,  the  loss  of  weight 

in  water  will  be  ci^ual  to  400  grains  less  by  200  grains,  or  200  grains ; 

hence  we  have,  by  Art.  27,  — 

wt.  body.  400 

Specific  gravity  of  the  body  = ; -. — :=  ---  =s  2. 

f-  ^        '  ■'       ^vt.  lost  m  wattT       200 

Let  us  take  another  example.    In  finding  the  weight  of  the  body, 

suppose  that  300  grains  were  put  into  the  dish ;  and  in  finding  the  wdght 

of  the  body  in  water,  sup|X)sc  that  400  grains  were  put  into  the  dish; 

then  we  have,  — 

Weight  of  the  Ixxly  =  1000  —  300  =  700  ; 

Weight  of  body  in  water  =  1000  —  400  =  600 ; 

Weight  lost  in  water  =  700  —  600  =  100  ; 

700 
.   Specific  gravity  of  the  body  = =  7. 

33.  Sike*9  Hydrometer^  which  l<;  the  one  employed  by  excisemen,  has  a 
graduated  stem,  and  the  instrument  is  always  used  in  connection  with  a 
book  of  tables.  The  depth  to  which  the  stem  sinks  is  obscnred,  and  at 
the  same  time  the  thermometer  and  barometer  are  also  noted;  thesa 
numbers  being  sought  out  in  the  tables,  the  coircspanding  specific  grar* 
ity  is  found  in  its  proper  column. 

The  hydrometer  is  chiefly  used  for  ascertaining  the  adulteratioa  of 
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Fig.  32. 


spirits.  The  strongest  spirits,  or  those  which  contain  the  largest  quantity 
of  alcohol,  have  the  least  specific  gravity,  and  consequently  the  hydrom- 
eter kinks  hi  them  to  the  greatest  dq)tli.  The  specific  gravity  of  pure 
alcohol  is  nearly  -j^j  or  .8,  and  that  of  proof  spiriiSy  which  is  a  mixtui  o 
of  equal  parts  of  alcohol  and  water,  is  about  -^j  or  .9.  Spirits  arc  suid 
to  be  aAove  proof  or  under  proof  according  as  they  contain  a  larger  or 
•audlcr  pnsportUm  of  alcohol. 

Floating  Bodies. 

34.  It  has  already  been  explained  that,  when  a  body  floats  in  a  fluids 
the  weight  of  the  fluid  displaced  is  always  equal  to  the  weight  of  the 
body.     Let  A  B  C  D  (Fig.  32)  be  a  piece  of 

wood  floating  in  water  ;  then  the  weight  of  the 
water  displaced,  viz.,  £  F  C  D,  is  equal  to  the 
whole  weight  of  the  wood.  The  upward  prcs- 
sore  on  the  bottom  D  C  is  the  same  as  that  which 
would  support  a  portion  of  fluid  equal  in  bulk  to 
the  dl«;placed  fluid  E  F  C  D  ;  and  as  the  down- 
ward pressure  of  the  body  is  equal  to  the  upward 

pressure  of  the  fluid,  it  follows  that  the  weight  of  the  body  is  equal  to 
the  weight  of  the  fluid  displaced. 

Ilcnce  it  is  that  iron  vessels  float  in  water ;  for  as  they  arc  made  hol- 
low, it  is  cosy  to  see  that  ihc  displaced  water  must  be  much  heavier  than 
the  whole  weight  of  the  metal. 

35.  li\  order  that  a  body  may  float  with  stability,  it  Is  requiate  that 
its  centre  of  gravity  should  lie  as  low  as  possible.  For  this  rca«?on  ballast 
is  laid  in  the  Vx)ttoms  of  ships  ;  and,  in  like  manner,  when  a  boat  is  in 
danger  of  being  overturned  by  tlie  "violence  of  the  uinds  or  the  rolling 
of  the  waves,  it  tciids  to  lessen  the  danger  when  the  passcncjcrs  lay 
themselves  flat  at  the  b)ttom  of  the  boat.  A  Iwdv  is  most  stable  whou 
it  floats  upon  its  greatest  surface;  thus  a  plank  floats  with  the  greatest 
stability  when  it  is  placed  flat  upon  the  water,  and  its  position  is  unstHble 
when  it  Is  made  to  float  cdijcwiy*.  A  bodv  will  onlv  remain  at  rest  in  a 
fluid  when  the  centres  of  gravity  of  the  whole  body  and  that  of  the  dis- 
placed fluid  are  in  the  same  vertical  luie  ;  for  if  the  body  is  shifted  from 
xh\s>  position,  the  upward  pressure  of  the.wattr,  as  well  as  the  downward 
pressure  of  the  body,  tends  to  bring  it  to  its  original  position.  In  Fig.  33, 
Xo.  1,  C  rcpreacnts  the  centre 
of  gra%*ity  of  the  body,  and  B 
tliat  of  the  fliiid  displaced, 
M-here  C  and  B  are  in  the  same 
vertical  line.  Now,  when  the 
bodv-  is  sliided  iVom  this  posi- 

Fig,  33, 
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tion,  as  in  No.  2,  the  gravity  of  the  body,  as  well  as  the  bnojincy  of 
the  fluid,  tends  to  bring  the  body  to  its  iiist  position. 

Additional  Factb. 

A  stone  which  on  land  requires  the  strength  of  two  men  to  lift 
it  may  be  lifted  in  water  by  one  man.  A  boy  will  often  wonder 
why  he  can  lift  a  certain  stone  to  the  surface  of  the  water,  but  no 
further. 

When  a  person  lies  in  a  bath,  the  limbs  are  so  nearly  supported  by 
the  water  as  to  require  scarcely  any  exertion  on  the  part  of  the  indi- 
vidual. 

The  human  body,  with  the  chest  full  of  air,  naturally  floats  with  a 
bulk  of  about  half  the  head  above  the  water.  That  a  person  in  water, 
therefore,  may  live  and  breathe,  it  is  only  necessary  to  keep  the  face  up- 
permost. 

The  common  contrivances  called  life  preBerven,  for  preventing  drown- 
ing,  arc  strings  of  corks  put  round  the  chest  or  neck,  or  air-tight  bags, 
inflated,  and  applied  round  the  upper  part  of  the  body. 

Fishes  can  change  thdr  spcdflc  gravity  by  diminishing  or  increasing 
the  size  of  a  little  air  bag  contained  in  their  bodies. 

A  ship  draws  less  water,  or  sails  lighter,  by  one  thirty-fifth,  in  the 
heavy  salt  water  of  the  sea  than  in  the  fircsh  water  of  a  river ;  and,  fag 
the  same  reason,  si^imming  in  sea  water  is  easier  than  in  a  pond  or  river. 

Many  kinds  of  wood  that  float  in  water  will  sink  in  oil. 

A  man  floats  on  mercmy  as  the  lightest  cork  floats  on  water. 

Cream  rises  in  milk,  and  forms  a  covering  to  it. 

The  equilibrium  of  floating  bodies  is  a  subject  of  great  practical  im- 
portance, but  it  would  require  a  knowledge  of  mathematics  to  enter 
upon  it  more  fully. 

Capillary  Attraction. 

36.  When  the  extremity  of  a  glass  tube  having  a  very  small  bore  is 
plunged  into  water,  the  fluid  is  found  to  rise  in  the 
tube.  ITiis  exception  to  the  law  of  level  of  the  surface 
of  a  fluid  is  said  to  take  place  in  consequence  of  the 
attraction  of  the  interior  surface  of  the  tube  upon  the 
water ;  and  it  is  called  capillary  attraction,  for  It  takes 
place  in  capillart/  tubes,  or  tubes  having  a  hair'Uho 
bore.  The  adhesion  of  the  water  to  the  sides  of  the 
tube  is  shown  by  the  concave  form  of  the  surface  of  the  Fig.  84. 
water  in  the  tube ;  hence  it  is  always  essential  to  tha  i 
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ifilect  ttot  the  tnl»c  f^hould  be  susciptihlc  of  Ixnnp  «v/- 

Vi*,  fir  wh'Mi  tlio  tube  is  snilcrl  with  any  oily  mJ)- 

«an«x>  ii\**  wutiT  liccomcs  (]ii,n.'??M-(l  ill  conscqueiut-  of 

ths  r. puHon  'nhich  the  oil  has  iur  water.    If  the  iai>- 

21arT  tube  be  in«ncrFx:d  in  nicrcun*,  then  the  merturr 

becomes  dcprttML-d  in  tl:o  tul-c,  in  conscqume^of  tlie 

zRHiMion  which  the  Kurface  uf  tbc  glass  has  fur  t}ic 

nscurv. 

27.  The  height  to  \(hich  water  rites  in  these  tubes  is  in  prqwrtion  to 

tbe  Emallncss  of  theu:  diameters ;   thus  in  two  tul)es,  one  of  Avl.ich  is 

double  the  diameter  of  tbe  other,  the  fluid  will  rifC  to  double  the  litidit 

in  the  ^mnll  tulic  that  it  \vill  do  in  the  other.     This  law  is  beautifully 

iI}•^s^t^atefl  by  the  follow  in  j;  oxjicrimcnt  (Fig. 

Sj)  :  Taii'.'  two  plates  of  glas*,  k-'pt  in  eontaet 

at  O.VJ  extri?:n'.:y  a:id  a  little  nj/irt   at  tbe 

ether ;  imni-  r^-  thtni  i'l  water,  a^*  s^homi  in 

the-  ^l■«Mr:■,• :  tli"  '.v.'it-T  ri^C'-S  ]'ftv.\r':i  tho  pbitc^, 

f.:"::i::^  a  c'.rved  lir.c  callal  llii;  h}ixTb.i!:i. 

Il  «-.'J  U"  c!>erved   th'.it   llic  }i«  I'/nt  c»f  tho 

v-;r.r  a?  any  part  !<*  qr-fitrr  a'.vor'.linir  ns  tlio 

diM-im-'  I  r'twosfii  th.'  j  l;it-"<  nt  tl::j:  i-art  i->  Ils-. 

:.N.  I:  two  i-oll-i  oi  v.-.rh-|,  (I''i:2.  U7,)  i:;ih  uf  w-iich  i.;  cupabic  of  lo- 
coniirti;  jr;/'.-.-',  h?  phicfd  Kpon  wnt»T,  tlu-ir 
lid'..-  vill  <ir.i\v  ud  tbo  wat'.r;  and  if  tin  \'  an; 
trcuL:bi  :i'.:ir  o:.  •  a;:.*li'r.  }o  ll:ar  tiu:  cl«-va- 
tioiis  <'f  tVi-'  rfui.I  'U'iV  i:i»'  :f.T.'.  tl'O  balls  v.-.ll 
arTiT'Vi-i-h  o:!"'  ar.«»tV:"r —  tiiat  i^,  thiv  will  r;,>- 
p-'.-ir  TO  :;:t:i vt  ij'av  a:'.o:l:cr.    In  iji?  sar.io  wny 

1::I-  l!i.jitir.2r  b#<".ic-i  iwi  nttra  ted  to  tl.c  >idr-  of  the  wcr.d.  If  r.ne  t.i 
i:..'  1-ti!^  !/.•  *.>kl.  1  v.irh  <  !1.  ( I'!-.:.  oS.i  thi-  fluid  aixAit  that  b:ul  wiil  Le 
(ii-.ir-— :d;  :::id  if  th'-v  ar.*  b^jniL'l.t  n^.-ir  (»!u» 
ft:.«.:h  r,  a^  in  tb;:  l'.i>t  ca  ',  thvy  will  n  pel  ««nr» 
WioJitr.  'ilicso  i-cicU  d<iK'iiil  ujjfin  the  princi- 
ple of  capillary  attracti'.-n  and  r^jjuhion.  On 
the  •an:*?  ^J:^^c:])!e  :i  jm-at  many  phenomena 
in  nature*  ni:\y  bo  f-\]?l:i:nfd.     I'or  cxamijli-, 

the  m«.-ltcd  ^llow*  of  a  ciindle  rises  in  the  wick  ;  and  water  ri>:es  thmuj;h 
th-:-  ibi'*  p. ire-*  of  «u2:ar. 

o'J.  Tik:'  aTi  ordinary  sized  ';C^x^<  Xv.hc^  and  tie  a  piece  (if  thin  bhi'lbr, 
or  any  hn*.'  nu-nibranou'*  snl  .-tanop,  ovor  one  ^nd  ;  iiito  thi.-!  tM^'.'  j-tvr 
*i;m»:l.ick  •iirni)  of  «;:aar  and  w.itcr:  imnicn-e  the  tnh.«.'  in  water;  th'n 
iu  the  oouxvc  of  a  few  hours  tbe  fluid  in  Uic  tube  will  have  ribtn  to  the 
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hdght  of  several  inchts  nbore  the  level  of  the  w«tor  in  the  TcaaeL    H<n 

it  upjicnra  that  thu  thinner  Huid,  the  water,  pasaca  more  lapidlr  li 

thu  pirua  of  the  UuddcT  into  the  tuU  thun  the  thitkcr 

Jluid.  the  Hirup,  jiasBts  out  of  it.    This  rcmaikaUe  pbcnoin- 

ciiou  i^  cuUird  Eiiiioimow  oiid  Exotntoaf,  the  fonna  term 

Diaxtaxie  to  lend  inimr^tbe  lalta  lo  lend  oaliair^.    In 

the  liui^uiiig  expcrim^  the  watei  .passes  through  tbe 

pores  of  the  blmlder  into  the  tube  b;  endosmose,  and  the 

tliiekcr  ttuid  passcE  out  of  the  tube  by  exosmose.    On 

this  principle  a  great  mauy  impotuuit  pbcnomcDa  of  nature 

nay  be  explained. 


HYDRAULICS. 

40.  Having  explained  the  lca<Ung  phenomena  multing  fitm  tbi 
prraeurc  and  n^ght  of  Quids  in  a  Elate  of  rest,  we  now  coine  to  tiMt  td 
the  motion  of  fluids.  , 


Velocity  with  which  Water  spotitt  out  of  a  VetteL 

41.  TVhen  a  hole  is  mude  in  a  vessel  flUed  with  iratcr,  the  fluid  qmito 
out  in  a  jet  ivith  greater  or  Iom  velocity  aecording  to  the  depth  of  ih* 
hole  below  the  surfaw  of  water.  The  fiillomng  ample  low  obtaini  IB 
lefei-ence  to  the  efflux  of  tlio  water,  Bupposing  thnt  it  underwent  no  reaiat- 
niicc  from  frietitm  or  otlier  causes.  The  velocity  of  a  jet  B  or  C  (Fi^ 
40)  proeccding  vertically  from  a  vessel  is  such  as 
tn  c«UBC  the  water  to  riw  up  to  the  Ie\'el  of  the 
water  in  the  vessel,  as  shown  in  the  annexed  eut. 
This  Feeins  to  arise  from  the  principle  that  water 
always  Keckn  its  level,  for  the  jet  tends  to  rive  to 
tlie  level  A  T)  of  the  wntcr  in  the  vessel.  Now, 
if  the  velocity  with  which  the  fluid  issues  from 
thft  operliire  B  be  such  as  to  earry  the  fluid 
through  ilip  pc(pondieular  height  B  A  in  ojipoti- 

0  gravity,  it  folloiva  that  this  velocity  is  equal 


Fig.  40. 


that  which  * 
hody  would  acquire  in  falling  freely  through  this  space.  Uenee  we  con- 
clude thnt  o /mrf  imiM/ioni  an  apertiiro  yith  a  rclofily  ijual  to  thai 
Kbirb  a  fiorfy  imiihl  anpiirc  in  faUinj  tlutnigh  a  tpaca  egual  lo  tAo 
dejah  nf  the  aperture  bcloif  the  surface  of  the  fiujd ;  thus,  if  A  B  ia  IS 
feet,  the  velocity  of  the  jet  will  be  32  feet  per  second ;  for  this  is  As 
velocitj  which  a  bodj-  acquires  in  lalling  thiourii  the  ^ace  of  16  bet. 
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12.  In  Fig.  41  the  ai^erture  b  made  in  the  bottom  of 
tbe  Toseel ;  and  the  theoretical  velocity  \iith  wliich  the 
witer  iabucs  i^^  as  in  the  preceding  caw?,  equal  la  the  vc- 
lodty  which  the  fluid  would  acquire  in  ialling  ircely 
down  fewi  mn  to  be* 
Now,  it  is  bho^n  in  mechanics  that  the  velocity  ac- 
hy a  fidliiig  body  is  as  the  square  root  of  the 
through  which  it  tails ;  therefore  Mc  velocity  Kith 
water  tpmtts  out  at  any  aperture  in  a  vessel  is  a* 
Ae  square  ruot  of  the  depth  of  the  ajterture  below  the  snr- 
fjoe  (f  the  KGlcr.     It  niust,  however,  be  observed  that 
there  are  diiTerent  obstructions  which  tend  to  modify  this  rule  in  practice. 
When  water  is  .conveyed  fivm  a  cistern  to  any  considerable  distance  in 
pcpe»,  as  hhown  in  the  annexed  cut, 
(fig.  13.)  the  friction  of  the  water, 
a?  it  moves  in  the  pipe,  together  with 
the  oTjhtructions    prcsciitc-d    by  the 
leritliny^,  Ace,    tends  very  much  to 
Mar.l  th;?  motion  of  the  lluid.     By 
tl)t  thcorciital  rule  above  given,  the 

vtlo.itv  of  dL«chanrc  would  bo  due  to  the  vcrtlcd  dnrth  A  D  throui^h 
which  the  water  faUs;  but,  owing  to  the  resistances  ju^t  ineutionc-d,  this 
isvf-Ty  far  from  >>cing  practically  true;  in  such  casos  the  engineer  must 
have  recour-e  to  some  iurniula  derived  from  cxiicrimL'nt. 

It  Is  a  curious  fact  that  more  water  is?ilcs  from  a  vc^pcl  tlirouj;h 
a  short  pipe  than  through  a  simple  apertiue  of  the  same  diameter  as  the 
ripe- :  and  siill  mc»re,  if  the  pipe  be  funncl-shapc^l,  or  wider  towards  its 
imicr  extrcTnity.  The  explanation  Ls  that  the  is^uins  iTaniclc:?,  coming 
firnm  all  sides  to  escape,  cross  and  impe-de  each  other  in  rushing  through 
a  f>imple  opeuinj:,  whereas  the  tube,  leading  the  water  by  a  more  grad- 
ual inclination  toward*  the  ])oint  of  exit,  coiiridcrably  prevents  the  cross- 
ing among  the  jiartieles. 

To  regulate  the  Sopphf  of  Wtf/tr. 

43.  "When  water  i<i  conveyed  by  pipe^  to  cisterns,  it  Is  ncces<>ary  that 
nn  more  water  sliould  flow  into  the  cUtcTn  than  Is  required.  'Iliis  ad- 
juj^ment  is  effected  by  a  sinii)lo  and  ingenious  contrivance  called  tho 
/kit  etick.  Fig.  43,  1*  rq)R'!»ciits  a  pipe 
cniivcyi:ig  water  ti»  the  oiftitrm  A ;  IJ  Is 
a  hf)ll{jw  ball  of  metal,  called  the  float, 
vhicli  \i  conncL*ted  with  a  c<xk  C,  open- 
ing and  ckwing  the  pipe  in  such  a  man- 
nn-  thet  when  the  float  is  raised  tho  cock 
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rtopi  till'  jmss-ai'  iif  ihu  H'atiT,  ainl,  on  thp  contrair.  when  the  BfM  is 
i!  T>ri~-iil,  tl;i'  otk  iiilims  tlif  v■aU^  U<  flow  thn>ll^h  it.  Now,  »tea 
til  I'.'  i>  a  <i'.U.ii:t:iy  ul'  wutiT  in  tlu;  cisttan,  the  c-uck  C  i«  (ipeu  mil  t 
1:i~'i  i'U]>lily  i»  ullowed  to  run  inj  but  as  the  water  rues,  the  duat  BIt 
i'>-  ''Uiiyniii'V  iil-ii  riwii,  uiid  at  length  turns  the  coi'k  ni  a«  to  ^toptlie 
■-ii'.liiy  »r  iviitiT ;  ii^uiii.  when  wniet  ia  token  out  of  t)ic  cLitiiti,  thi-  diui 
f  lis  Willi  tlik!  WHter,  utul  at  U'licth  cpcas  Hie  tvi'k,  which  odmita  n  L-e^ 

SjiriiKjs  and  Arh-sinn    irrltt.  i 

II.   ^^l1^illK<  :ir.'  brniiil  l<y  llif^  laiii  luid  nuiislurc  whicb  £iU  iqM 
l,i!!i  ii'ii)  iii.raiil'.i:i->.    Tlie  uppi'r  cinsi  uf  niountuina  is  unially  compMd    { 
at  Inna;,  parous  loyns  of  tubetances  wbic:h  alloi*  water  to  paB  throD^ 
theni,  and  iU.<o  of  layers  of  cloy  and  solid  subetancea  whicb  an  ii 
viiiila  lo  wiiiiT.     Li-t  the  accompanying 

em  (Fig,  H)   ivpTMcnt  the  section  of  a  jSl-^JF^ 

momiiriiTi  w  lull,  wIhtc  A  Li  compound  of  ZL-^^tA 

ko'^orjKirous  «ut6lnnres,e  II  Injetof  cluy  ;.  ^.JP 

tir  sime  subilance  which  fitopa  the  descent       -,  ".     ' 

cf  the  iviiter ;  then  the  water  which  filtors  ,        ^ 

throi-ah  A  will   nin  along  the  top  of  c        -  - 
imlil  it  is  duThargcd  ut  K  in  the  form  of  f '?■  li- 

ft iialiinil  -'prinj;  or  fountain  ;  Ii  is  cnm- 
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Fiff.AS 


n  captrirance  for  nudntaining  the  level  of  suziiBce  is  that  of  locks 
idgatcs.     Fig.  4d   zepre- 
a  iecrtLoQ  of  a  lock,  made 
boe  where  there  is  a  sud- 
lU  of  the  ground  along 

the  canal  has  to  pass: 
md  C  D  are  the  two  gates 

completely  intercept  the 

of  the  water,  but  at  the 

ime  admit  of  being  opened  and  closed ;  A  H  is  the  level  of  the 
in  that  part  of  the  canal  lying  above  the  gate.A  B,  and  F  G  the 
lying  below  the  gate  C  D ;  now,  when  a  barge  is  about  to  pass 
A  H  to  F  G,  a  side  sluice,  not  shown  in  the  figure,  is  first  opened, 

allows  the  water  to  flow  from  A  H  into  the  space  A  £  F  C  be- 
the  gates  until  it  attains  the  common  level  H  A  C ;  the  gate  A  B 
i  opened,  and  the  barge  floats  into  the  space  between  the  gates ; 
te  A  B  is  now  closed,  and  a  side  sluice  is  opened,  which  allows  the 
to  flow  from  the  fipace  A  E  F  C  until  it  comes  to  the  common  levd 

;  the  gate  C  I)  is  then  opened,  and  the  Imrije  floats  out  of  the 
dong  the  canal.  It  is  easy  to  sec,  by  reversing  the  steps  of  this 
s,  that  the  barge  may  be  floated  in  the  contrary  direction.  A 
moving  aloni;  the  side  of  the  canal,  is  usually  employed  to  pull 
rge  through  the  water. 


I 
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Water  Wheels,  S^c* 


Fig.  48  represents  an 
hot  vheel,  turning  on 
dc  A ;  M  N  is  a  cur- 
r  water,  which,  rtriking 
t  lYie  Jloai  boards,  caufes 
bed  to  revolve  on  its 
i  ;  on  this  axle  is  fixed 
rthed  wheel  which  drives 
ichinerw 

Poncelct's     undershot 

the  float  boanls  are 
I  towards  the  direction 
i  current,  so  that  the 

roDa  up  their  sur&ce, 
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erd  docK  not  leiire  then  until 
iJl  iu  work  a  t^iciit  upun  the 

FiH.  *"  rrj'rrecnts  on  oreriliot 


LF  L 


n  uf  V 


;rflow- 


iiig  over  the  top  iif  Ihc  whcd 
iuto  tlic  buckclfl  e  rf,  &c.,  Axed 
U110I1  the  rlin  uf  the  wheel ;  (he 
gruvity  <>r  tlip  wiitci  in  thcso 
liuckits  coiun  tht  right  hand 
Ndu  A  n  ('  nf  tlic  nhccl  to  be 
hravin  than  the  other  bide, 
wlicrc  the  buckc-ts  nre  eirptj'. 
licinE;  all  tnmed  upside  down  ; 
hiiK-e  the  wliccl  riTolvcs  in  )hc 


Fip.  47. 


dirceliim  A  1!  ('.  I^l  em  and  d  n.  bo  peipcndiculBiB  let  fall  liom  ths 
tenttc*  of  fnnvity  v(  tlie  wnter  in  the  two  buckets  c  and  d  roipcrtlTelj- ; 
then  0  III  win  ]n  the  le^-emge  of  the  water  in  the  bucket  e,  nnd  0  k 
thut  of  the  bucket  d ;  tlic  l.uckct  1),  in  the  horizontal  line  O  B.  will 
huve  the  greatest  luvcrni;?,  and  ennseijumtly  will  aet  with  the  grentet 
efficiener  in  moving  iIil'  wliiX'l.  As  the  Inicketa  descend  below  11,  thcf 
not  onlj  net  with  n  dct-rca^ng  lereragc,  liut  the  water  which  {hey  cod- 
tain  ki  eontimiully  flowing  out  of  ihGoi  until  they  anive  at  C,  when  thej 
bceomo  completely  mipty. 

Jinrier't  Mill. 
47.   ITiLi  himplc  and  clegnnt  engine  j— ^rfv 

is  moved  bytheefiiux  of  water  under-  j!  ^-;-F3g 

l^nng  prcMure.  C  L>  u  o  hoUow  c; 
der  tuniin;  on  a  Tertieal  ax'if,  A 
a  horiioulol  cyliiukT  ronununicating 
intimolly  with  the  former ;  at  the  eit- 
ticniitic*  of  this  hnrininial  cylinder  two 
apCTtuTEV  A  and  II  are  made  in  the 
tides,  opening  in  opjimile  directions. 
On  Ihc  continunlinn  of  the  vertical 
cxiR,  the  upptT  millatone  S  is  lixnl,  and 
therefore  rcvoli-cs  with  it;  II  is  the 
hopper  dclivcrinp  the  com  to  beground. 
A  continuoui  iiti«am  of  water  flows 
through  the  jwpc  e  r  into  tho  cylinder 
C  D.     Let  us  suppose  that  the  cjlindo:        _^.^..^_^._^^_ 

Fij.W.  ■" 


tE 


^ 
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C  D,  with  its  horizontnl  branch  A  H.  to  bo  fiUwl  ^-ith  water ;  then  the 
pra«*^iri  of  th'rt  volumn  oi  iluid  will  cau>e  the  water  to  be  pn)jccted  in 
j-.t-  froai  the  firificcs  A  and  B  in  opposite  directions  ;  then  tlie  recoil  or 
KiL  lioa  of  these  jets  upon  the  extremities  of  A  and  B  gives  a  rotatory 
motxA  to  the  whole  niaclune  upon  the  Tcrticol  axis. 

Or,  to  take  another  view  of  the  principle  of  action  in  this  machine; 
if  the  orificea  at  A  and  B  wcie  closed,  the  column  of  fluid  in  the  vertical 
tube  C  D  ^-ould  press  equally  on  both  sides  of  the  horizontal  tube  A  B ; 
Int  vhen  the  oriiiccTf  A  and  B  arc  o])cned,  the  pressure  on  these  parts  is 
ydnscd,  while  the  prcfrFurc  upon  the  tides  opposite  to  them  remains  the 
nme ;  hence  the  tube  A  B  ro-olvL-5  in  the  direction  of  the  greater 
pRsme —  that  is,  in  a  direction  contrary  to  that  of  the  jets  of  water. 


77te  Archimedean  Screw. 

4S.  Thi-*  £inij>In  and  beautiful  contrivance  for  rai»ing  water  was  in- 

Tcstrtl  by  the  grcnt  Arc-bimcdts.     It  Eimjjly  coiiiiists  of  a  pipe  wound, 

iaa.-ij/inJ  f«inn,  aNuit  a  f-olid  cyl- 

ki-t  A  B,  whii-h  i^  matli* to  pvolvc 

rifi  iti  axil  I  y  imun'*  i}i  tijo  wiiu-h 

IL    'I"h.'    ii)\viT    oriricc   a    di  the 

*jiirLl  lu'x-  dip^  into  the  water  to 

I*'  ru-c-;l,  a:.d  it  L*  diM-liar^cd  at 

rh-:'  liTMK.r  oriji'-e.     A**  tb'.'  cvlindtr 

i'.  tr;rxio.l  roMiid,  tlu-  wator,  which 

o:::*r-'  the  <iri:i«o  a  at  eaih  rtvolu- 

ii:.in,  rjTis  ciown  a  ^oiiis  of  imlined  U 

jJan**,  until   it   Hows  out    at  the  !* 

ujTpcr  orill.  0.     In  order  to  illustrate  i  ^ 

thij'  a'.iion,  let  a  marble  \to  p!it  into 

the  pipe  at  n.  thrii  a«i  tlie  cylinder 

is  turned  n->«nd,  the  marl  \o  will  continue  to  roll  do\m  a  succession  of 

inclined  planes  ( formed  at  each  rc\'olution  of  the  cylinder)  until  it  is 

dwchargc-d  at  the  upper  orifice. 


niL_. 


Fi'j,  49. 


ExrRri?r<*  on  Hydrostatics  and  IIydrailic?. 

1.  In  FiiT.  0,  Art.  11,  supjicso  the  lar^c  piston  P  to  contain  10  square 
inches,  and  the  small  one,  ;j,  2  square  inehc* ;  what  upward  pressure 
will  l)C  jjroduccd  upon  the  large  piston  by  a  dowiiward  pressure  of  14 
Ibe.  exerted  upon  the  small  one  ? 
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Frcssuie  on  2  in.  of  the  piston  =  14  lbs. ; 

"  1  in.  "        =  L4  =  7  lbs. ; 

"  40  in.  "        =  40  X  7  =  280  lbs. 

2.  Hequircd  the  same  as  in  the  last  example,  vfhen  the  auiface  of  the 
largo  piston  is  25  inches,  that  of  the  small  one  3  inches,  and  the  pressure 
applied  to  it  30  lbs.  Ant,  250  lbs. 

3.  In  Fig.  11,  Art,  13,  let  the  area  of  the  base  D  C  contain  4  squnn 
fcc-t,  and  let  the  depth  of  the  water  G  C  be  5  feet :  required  the  prassnre 
on  the  bottom  of  the  vessel.  Atis,  20,000  oz.,  or  1250  lbs. 

4.  In  the  hydrostatic  bellows,  (sec  Fig.  18,  Art.  IG,)  the  upper  board 
A  contains  2  square  feet  of  surface,  and  the  height  of  the  water  in  the 
tube  6  c  is  4  feet :  rcqidred  the  weight  W  which  will  be  supported  on  the 
bellows.  Ans,  8000  oz.,  or  500  Ibfu 

5.  In  a  flood  gate  (see  Fig.  23,  Art.  21)  A  Q  D  G,  let  the  hrcadth 
A  Q  =  5  feet,  the  depth  A  G  or  E  F  =  6  feet :  required  the  ixxition  of 
the  centre  of  pressure,  and  also  the  pressure  of  the  water  upon  the  gate. 

Ana,  The  centre  of  pressure  is  two  fat  from  the  bottom ;  and  the 
whole  pressure  is  5r)2.'i  lbs. 

6.  In  linding  the  sixrific  gravity  of  a  liquid,  (see  Art.  26,)  suppose 
the  weight  of  the  empty  bottle  to  be  300  grains  the  weight  of  the  IxJttle 
filled  with  water  to  be  900  grains,  and  the  weight  of  the  bottle  filled 
with  the  liquid  to  be  700  grains :  required  the  specific  gravity  of  the 
liquid.  ^'M.  f ,  or  G6G  -|-. 

7.  The  weight  of  a  solid  body  is  300  grains,  but  its  wc^ht  in  water  is 
250  grains  :  required  the  specific  gravity  of  the  body.    (Sec  Art.  27.) 

Aiis,  6. 

8.  A  solid  body  lost  40  grains  when  weighed  in  water,  and  70  grains 
when  weighed  in  oil  of  vitriol :  required  the  specific  gravity  of  the 
vitriol.     (Sec  Art.  28.)  Ans,  l^, 

9.  In  finding  the  specific  gravity  of  a  liquid  by  Nicholson's  Hydrom- 
eter, (see  Art.  30,)  let  the  weight  of  the  instrument  be  3000  grains,  and 
let  the  weight  put  in  the  dish  C  (to  sink  the  instrument  to  the  mark  t 
when  floated  in  the  liquid)  be  1400  grains :  required  the  specific  gravity 
of  the  liquid.  Attt,  1.1. 

10.  A  cubical  piece  of  wood,  whose  side  is  2  feet,  sinks  to  the  depth 
of  Ij  feet  when  floated  on  water :  required  the  specific  gravity  of  the 
wood.     (See  Art.  34.) 

Here  the  wood  contains  8  cubic  feet ;  and  the  volume  of  the  water  dis- 
placed =  2X2X14  =  G  cubic  feet.    Now,  the  weight  of  this  displaced 
water  is  GOOO  oz.,  but  this  is  also  the  weight  of  the  floating  body ; 
Weight  of  8  c.  ft.  of  the  wood  =  6000  oz. ; 

left.  "  =6000 

--  —  Bs7o0oK.; 
8 
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But  the  wdght  of  1  c.  (t.  of  water  is  1000  to. ; 

Specific  gmvity  of  the  irood=_I^^_=.Tj. 
IDUO 
TUa  nmlt  might  at  once  be  obtained  by  dividing  the  depth  of  im- 
naatm  bj  the  whoh>  depth  of  the  body :  thus,  J4  =^  3,  or  .75. 

11.  Bcquired  the  lamc  as  in  the  last  cxapipLe,  when  the  side  of  the 
■Aeii  1  faot,  and  the  depth  of  inuneiuon  8  inches.  Aiu,  |. 

K.  mih  what  vdoeity  will  watCT  ieaue  &x>m  an  orifice  nude  at  the 
d^  «f  4  feet  bdow  the  hn-el  of  the  fluid  ?     (See  Ait.  42.) 

Aiu.  16  It.  per  Hcond. 
Ene  b  will  be  obvorcd  that  a  body  will  lall  through  4  ft.  in  i  of  * 

11.  Btqniicd  the  Mine  m  in  the  laat  example,  when  the  orifice  ia  M 
ka  bdDw  the  lerel  of  the  fluid.  Jm.  M  bet  per  tccnad. 

9 


PMEU.UATICS. 

1.  PsF.fMATics  is  (Iitit  ])!nt  of  Xiilural  ritilo^ojiliy  which 
UvMi  uf  iltu  motion  and  pressuii:  o)'  ;ic;iitbrm  or  L-l:i:tic  liuids, 
Budi  ii>  tlni  nir  vrliicU  forms  the  aiiiia^plicre. 

2.  Tiic  atinoipliere  evt-ry  wheru  suri-ounds  the  ;;'.c)bp,  nnd 
cxIcikIs  Io  ihu  height  of  about  lifiy  iiiik-s  alcove  ilietujoof 
otii'  liiglicit  mountain!!.  Ahl>o'.igli  lli<!  cur  i^  iiivi^ibli',  imil 
t>(.'em<;  a*  notliing  lo  ihu  vulfTur  tvi',  jot  it  is  a  mntirial  snl>- 
itianiH^,  po3:^osdiiig  a'll  thi;  t'^^i-niiul  {jrupei'lii'S  of  iiiulter  in 
common  iviih  soliii  and  liquid  liodio*. 

3.  Air  r<:t:<nts  (lie  molioa  uf  bodirs. 

ThuR,  when  a  fliit  bnard  is  rayUIy  moved  Ibrough  tti?  air,  a  nmsldo'- 
alilc  r«istini[  totee  is  fL-lt ;  aud  it  is  will  known  that  the  vclodtf  of 
roilwBV  trains  is  much  alfccttd  by  llic  rn-istaiico  of  the  air.  Tniiil",  wr 
in  niotioa,  driva  our  sliijn  throngh  ilic  o.'con,  a;id  pcribrm  useful  later 
in  otir  winil  niUU  The  air,  driven  0:1  »-i!h  tttriiio  violence  l.y  the  hur- 
rieanc  or  the  tornado,  sweeps  over  the  earth  and  caiTies  den-Jation  and 
rjin  to  the  aUxIcs  ol'  man.  The  nir,  in  the  Etomi  and  tempest,  liRaup 
the  mountain  UUows  of  the  deep,  and  dashes  in  poets  the  Elolely  bark 
as  (he  hciirs  to  our  fbores  tlie  m-eidth  of  other  lands.  It  Ls  jjoin  that  iht 
uj^it  wliieli  I'i  cupalilu  of  producing  sueh  cfTei'ta  must  be  iitatai'ia!. 

4.  The  air,  like  all  materiiil  bodies  i'=  inipenetrahle  ;  that  is 
to  say,  the  space  occupied  hy  air  cannot  contaia  any  other 
body  at  ibc  Eomc  time. 

Kxp.  1.  liivert  a  t:i!l  ^U-is  A 
accompanying  eut ;  the  iviiter  dii 
within  the  glass  on  aeeount  or 
it.  To  TLTidT  the  cxperime-.it  nl 
cork  h  iila;ed  U]Xin  tb^  "'ntiT. 

n^ii  c>:i>rrimn.t  a.ho  i^l:n".-=  the  I'b  licit y  of  the 
for  m  the  glaffl  is  pressed  doivn,  th?  air  that  is  in 
oecupiei  Iw  and  la*  (pace,  and  the  Ibrce  nquiiite 
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Fig,2. 


Fig.  3. 


keep  the  glasi  down,  or  to  balance  the  elastic  force  of  the  air,  inereasea 

inth  the  decrease  of  the  bulk  of  the  air  in  the  glass. 
Exp,  2.  Fill  a  large  bottle  with  water ; 

blow  air  into  the  battle  by  means  of  a 

bent  tube,  as  shown  in  the  figure;  in 

this  case,  the  air  dupkteet  the  water. 
In  like  manner,  air  may  be  trans- 

ftncd  from  one  vessel  to  another.    Here 

5  (Fig.  3)  represents  a  Tcssd  filled  with 

water,  and  having  its  open  mouth  invert- 
ed in  the  same  fluid ;  e  is  another  vessel  containing  air ;  the  lower  edge 

of « is  brought  to  the  mouth  of  b,  and  as  the  upper 

end  of  e  is  depressed,  the  air  rises  in  bubbles  into 

the  vessel  6,  and  displaces  the  water ;  thus  all  the 

sir  in  the  vessel  e  may  be  transferred,  without  any 

losi,  into  the  vessel  6. 

It  will  be  hereafter  explained,  that  the  water  is 
sustained  in  6  by  the  pressure  of  the  atmosphere. 

Exp.  3.  Take  a  bent  tube  of  glass,  open  at  both 
extremities ;  place  the  fore  finger  on  the  extremity 
B,  and  pour  water  into  A  ;  the  fluid  docs  not  fill  the 
branch  B  on  account  of  the  air  which  it  contains. 
Take  away  the  finger :  then  the  air  is  displaced  from 
B,  and  the  water  stands  at  the  same  level  in  both 
blanches  of  the  tube. 

5.  Air  has  weight.  Fig.  4. 

Exp.  Take  a  Florence  flask  F,  having  a  stop  cock  S  attached  to  it ; 
exhaust  the  air  from  it  by  means  of  an  exhausting  sjiinge,  (see  Art.- 18 ;) 
weigh  the  bottle  thus  exhausted  of  air ;  open  the  cock,  and 
bHow  the  external  air  to  fill  the  bottle ;  the  scale  on  which  the 
bottle  Ls  placed  will  preponderate,  and  it  will  require  about 
one  pcnnjrweight  weight  to  restore  the  balance.  This  is  the 
weight  of  the  air  in  the  bottle. 

Having  found  the  weight  of  any  known  bulk  of  air,  the 
weight  of  any  other  bulk  of  it  may  be  easily  determined.  For 
example,  suppose  that  the  bottle  contains  CO  cubic  inches  of 
air,  and  that  its  weight  is  IS  grains  :  let  it  be  required  to  find 
the  weight  of  100  cubic  inches. 

"Weight  eo  c.  in.  of  air  =  18  gniins  ; 

,       .       -   .        18       . 
1  c.  m.  of  au:  =  —  grams ; 


Fig.  5, 


<« 


"     100  c.  in.  of  air 


60 
18X100 

60 


30  grains. 


r  -k 
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The  weight  of  100  cubic  inches  of  atxiiofl{iheric  air,  at  a  mean  temper- 
aturc,  has  been  found  to  be  31.01  grains.  From  this  it  follows  that  a 
cubic  foot  of  air  toeiffhs  more  than  an  ouna,  aud  that  water  is  about 
eight  hundred  times  the  weight  of  an  equal  bulk  of  air. 

6.  Light  bodies  float  in  the  air  in  the  same  way  as  a  piece  of  cork 
floats  ill  water :  thus  soap  bubbles,  balloons,  cknids,  and  smoke  float  in 
the  air.  Now,  when  a  body  floats  in  a  fluid,  it  is  lighter  than  that  fluid ; 
the  air,  therefore,  is  heavier,  bulk  for  bulk,  than  balloons  or  any  of  those 
bodies  which  float  in  it. 


PRESSURE    OF  THE   AIR. 

7.  The  air,  like  all  other  tnateriHl  substances,  graritates 
towards  the  earth;  from  this  it  necessarily  follows  that  the 
atmosphere  must  exert  a  pressure  upon  all  terrestrial  bodies, 
and  moreover  that  the  pressure  on  any  given  surface  must  be 
equal  to  the  weight  of  the  column  of  air  above  that  surface. 
Air,  being  a  fluid,  presses  equally  in  all  directions.    (See  Ht- 

DROSTATICS,  Art.  9.) 

The  fact  of  atmospheric  pressure  is  clearly  established  by  the  following 
easy  experiments :  — 

EXPEMMENTB. 

Exp.  1.  Take  a  gloss  tube,  open  at  both  ends,  and  fit  a  plug  or  piston 
P  to  it,  by  wTapping  some  cotton  round  the  end  of  9  wire ;  insert  the 
lower  extremity  of  the  tube  in  water,  as  shoiKu  in  the 
figure ;  raise  the  piston  :  the  water  rises  in  the  tube  by 
the  x>rcssurc  of  the  atmosphere  upon  the  surface  H  R  of 
the  water  in  the  vessel. 

This  experiment  explains  the  principle  of  the  common 
syringe.  Push  the  piston  P  (Fig.  7)  to  the  bottom  of  the 
barrel ;  insert  the  nozzle  O  into  some  water,  and  then 
raise  the  piston  :  the  water  rises  into  the  syringe  by  the 
pressure  of  the  atmosphere.  "NNTieii  the  piston  is  forced 
downwards,  the  water  escapes,  through  the  orifice  O,  in 
the  form  of  a  jet.  Close  the  orifice  O  with  the  finger,  and  then  raise 
the  piston  ;  a  vacuum  is  formed  beneath  the  piston. 

^-^P'  2.  Close  one  end  of  a  small  tube  with  the  fore  finger,  and  then 
fill  it  with  water ;  invert  the  tube  so  as  not  to  spill  any  of  the  fluid :  the 
water  remains  in  the  tube,  llcre  the  water  would  fiiU  out  of  the  tube 
by  Its  weight,  if  the  upward  pressure  of  the  atmosphere  did  not  «t«»«s** 
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it 
rftlie 


iagett  |tee4  upon  the  top  of  the  tube,  takes  off  the  prevure 
from  the  upper  aur&ce  of  the  water,  while  the  upward  loessure 


Fig.  7. 


Fig.  8. 


• 

o 


Fig.  9. 


of  the  atmosphere  upon  the  under  surface  of  the  water  sustains  the  fluid 
in  the  tube  in  opposition  to  its  gravity.  Take  away  the  linger,  and  then 
the  water  descends  by  its  ov^ii  weight ;  for  in  this  case,  the  air 
prcsscs  upon  the  upper  surface  of  the  water,  as  well  as  upon  its 
lower  surface. 

Exp.  3.  Fill  a  very  small-necked  bottle  "with  water ;  cautiously 
invert  the  mouth  of  the  bottle  :  the  water  remains  suspended  in 
the  bottle  by  the  upward  pressure  of  the  atmof^jihere. 

Exp.  4.  Fill  a  \»*ine  glass  with  water,  and  cover  the  mouth 
with  a  piece  of  paper ;  place  the  hand  over  the  paper,  and 
invert  the  glass;  take  the  hand  carefully  away:  the  water 
remains  suspended  in  the  glass  by  the  atmospheric  pressiu'e. 

Exp.  5,  The  bent  tube  A  B  is  closed  at  the  extremity  A, 
and  open  at  li.  Fill  the  tube  with  water  or  mercury,  as 
fihomi  in  the  fij^ure,  then  the  fluid  will  be  sujiportcd  in  the 
branch  A  by  the  pressure  of  the  air  on  the  surface  of  tho 
fluid  at  B.  A  tube  of  this  kind,  known  by  the  name  of 
Cooper  t  Tube,  is  frequently  used  in  experimental  chemistry. 
The  bird  fountain  and  thcfmrntain  ink  bottle  depend  upon 
the  same  principle.  In  Fig.  12,  A  represents  the  liquid  in 
the  fountain,  and  B  the  liquid  in  the  cup.  As  tlie  liquid  b 
taken  ftom  the  cup,  an  equal  portion  descends  from  the  foim- 
tain,  to  supply  the  place  of  that  which  is  taken  away. 

Eip.  6.  The  common  sucker  affords  a  simple  and  beautiful 
miutntioa  of  the  pressure  of  the  atmoephen.    Obscrye  that  the  wetted 

9* 


Fig.  11. 
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piece  of  leather,  or  sticker,  is  raised  in  the  middle,  by  the  string  attached 
to  that  part ;  this  forms  a  hallow  space,  or  yacuum,  hetween  the  central 


Fig.  12. 


Fig.  13. 


portion  of  the  sucker  and  the  stone ;  the  pressure  of  the  atmosphen^ 
therefore,  jiresscs  the  stone  upwards  against  the  sucker.  The  stone  ftHs 
the  moment  a  hole  is  made  in  the  central  part  of  the  sucker. 

In  this  manner  limpets  stick  with 
such  force  to  the  rocks;  and  on  the 
same  principle  flies  walk  on  the  ceiling, 
for  they  have  the  power  of  forming    "^^^""^"t  { 
their  little  feet  into  suckers.  Fig,  14, 

Exp,  7.  Take  a  pair  of  common  bel- 
lows ;  observe,  wliile  you  raise  the  top  board  A,  that  the  Talve  v  openii 
in  consequence  of  the  external  air  rushing 
in  to  fill  up  the  void;  and  observe,  while 
you  depress  the  top  board,  that  the  valve  v  is 
closed,  and  the  air  is  propelled  through  the 
nozzle  n  with  considerable  force,  in  conse- 
quence of  the  elasticity  of  the  compressed 
air  within  the  bellows. 

Exp,  8.  Take  a  glass  tube,  about  32  inches 
long,  closed  at  one  extremity ;  fill  the  tube 
with  mercury,  apply  the  finger  to  the  open 
end,  and  immerse  it  in  a  cup  of  mercury ; 
bring  the  tube  to  an  erect  position,  as  shown 
in  the  accompanying  figure :  a  column  of 
mercury  about  30  inches  high  remains  sup- 
ported in  the  tube  by  the  pressure  of  the 
atmosphere  upon  the  surface  of  the  mercury 
in  the  cup.  The  space  in  the  upper  part  of 
tbe  tab§  iB  ii  racwmu     «^- 
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This  rrmarkable  experiment  was  first  made  by  Tarricelli,  who  was  a 
pupil  of  the  edefaratcd  Galileo,  and  hence  it  has  been  called  the  Torri- 
celUan  experiment. 

8.  The  average  pressure  of  the  air  is  15  lbs.  per  square 
inch. 

The  colimin  of  mercury  which  balances  the  pressure  of  the  air  is  esti- 
mated from  o  to  n,  (see  Fig.  15 ;)  that  is,  it  is  equal  to  the  height  of  the 
mercury  in  the  tube  above  the  level  of  the  mercury  in  the  cup.  As  this 
column  of  mercury  balances  the  pressure  of  the  air,  so  therefore  the  weight 
of  the  mercury  in  the  tube  is  equal  to  the  pressure  of  the  air  upon  a 
surface  equal  to  the  internal  section  of  the  tube.  (See  Hydrostatics, 
Art.  15.)  For  example,  let  the  internal  section  of  the  tube  be  1  square 
inch, and  the  height  of  the  column  of  mcrcmy  o  n  30  inches;  then  there 
will  be  30  cubic  Inches  of  mercury  in  the  tube ;  now,  1  cubic  inch  of 
mercury  weighs  very  nearly  half  a  jiound ;  therefore  the  weight  of  the 
mercury  in  the  tube  will  be  16  pounds ;  but  this  weight  of  mercury  bal- 
ances the  pressure  of  the  air  exerted  on  1  inch  of  surfocc ;  therefore  the 
prcMBiu^  of  the  air  upon  1  inch  of  surface  is  about  15  pounds. 

The  height  of  the  column  of  mercury  is  not  affectwl  by  the  size  of  the 
tube  ;  for  if  the  section  of  the  tube  were  2  inches,  in  the  place  of  1,  the 
weight  of  the  mercury  would  be  doubled ;  but  the  pressure  of  the  air, 
in  this  case,  would  also  bo  doubled,  inasmuch  as  it  would  act  u]ion  2 
inches  of  surface,  in  the  place  of  1. 
'Hie  pressure  of  the  air  'will  support  a  much  longer  column  of  water 
;  for  water  being  about  13i  times  lighter  than  mcrcurj', 
be  131  times  the  length  of  the  column  of 
amount  of  pressure.  (See  Hydbostatics, 
""^ve  seen  that  it  takes  about  30  inches  of 
re  of  the  air ;  therefore  it  ^-ill  take  13^ 
3t  of  water,  to  balance  this  pressure ;  that 
M  pressure  of  the  air  is  able  to  sustain  a 
^.  Ilenee  it  is  that  water  cannot  be  raised 
xrnmion  pimip. 

tmosphere  on  our  bodies  is  essential  to  health ; 

.•  pressure  of  the  fluids  within  us,  and  thereb'^ 

ity  to  their  motion.    When  the  wcifr>-y_.7 

Bny  part  of  our  bodies,  the  ^^'       "       ^^ 

pwts  to  swell  out;  h^      -^  ^""P^^" 

Jensation  when  the;,  t.^  , 

xt  bottle  contaming 

.aer  tied  to  one  of  the 
^  ^Um  tube  reaching  nearly 
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The  Barometer* 

10.  The  TomceUian  experiment  not  only  exhibits  the  principle  o 
barometer,  but  also  shows  the  manner  in  which  it  is  made.  It  has 
found  that  the  pressiut}  of  the  atmosphere  is  not  always  the  same ;  s< 
times  it  will  support  a  column  of  mercury  equal  to  31  inches,  wh 
at  other  times  it  will  only  support  a  column  of  28  inches.  Now 
barometer  is  an  instrument  contrived  to  measure  the  weight  or  pre 
of  the  air  at  any  time ;  in  order,  therefore,  to  enable  us  to  see  the  h( 
of  the  mercury  in  the  tube,  there  is  a  scale  placed  at  the  upper  ei 
(see  Fig.  15)  giving  the  distance  from  the  sur&ce  of  the  mcrcur 
the  cup. 

If  a  barometer  be  taken  to  the  top  of  a  mountain,  the  mercury  ii 
tube  will  fall ;  because,  as  we  ascend  above  the  level  of  the  sea,  the  ] 
sure  of  the  atmosphere  becomes  less  and  less.  In  this  way  the  baron 
is  sometimes  used  to  determine  the  height  of  mountains.  It  is  also 
as  a  weather  gauge ;  for,  when  the  air  is  dense  and  heavy,  the  men 
in  the  barometer  stands  high ;  and  in  such  states  of  the  atmospher 
generally  have  fine,  clear  weather ;  but,  on  the  contrary,  when  th( 
becomes  rare  and  light,  the  mercury  in  the  barometer  lalls,  and  thei 
are  likely  to  have  rainy  or  stormy  weather. 

A  barometer  tube  is  sometimes  attached  to  air  pumps,  for  the  pui 
of  indicating  the  degree  of  exhaustion  produced  in  the  receiver. 


The  Siphon. 

1 1 .  lliis  instrument  is  used  for  drawing  off  liquids  firom  vessels  w 
it  would  be  inconvenient  to  move  from  the  place  where  they  stand, 
simply  consLBts  of  a  bent  tube  B  A  C  having  one  branch  A  B  longer  1 
the  other  one  A  C. 

Experiment,  —  Fill  the  bent  tube  BAG  with  wa- 
ter ;  place  a  finger  on  B,  and  another  on  C ;  invert  the 
tube,  and  immerse  the  short  1(^  in  the  water ;  take 
away  the  finger :  then  the  water  immediately  runs  in  a 
stream  from  the  orifice  B.  Hold  the  vessel  in  such  a 
position  as  to  bring  the  orifice  B  on  a  level  Yiiih  C : 
the  water  then  ceases  to  flow. 

The  principle  of  the  siphon  is  exceedingly  simj^e : 
the  column  of  water  A  B  being  longer,  and  of  course 
heavier,  than  the  column  A  C,  the  fluid  necessarily 
flows  in  the  direction  of  the  greater  pressure.  At  the 
same  time,  it  is  to  be  observed  that  the  pressure  of  the  atmo^diere^  tc 
ing  to  ftroe  the  water  1:9  the  leg  C  A,  is  the  same  as  that  which  ia  ti 
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bg  to  fbfce  the  water  np  the  leg  B  A,  so  that  the  one  exactly  balances 
the  other,  and  therefiore  the  water  is  left  to  descend  by  its  excess  of  grav- 
ity in  the  leg  A  B. 

InteiTnitting  Springs. 

12.  The  |irixiciide  of  the  siphon  enables  us  to  explain  the  nature  of 

intnnitting  springs^  or  those  spiings  which  only  flow  at  stated  periods. 

A  D  £  represents  a  cavity  in  a  hill, 

widch    becomes   gndually  tilled 

vith  water  from  the  rain  and  snow 

Gaining  through  the  parous  earth 

or  rocks ;  A  B  C  is  a  ujihon-shaped 

teuxe  proceeding  from  this  cavity ; 

as  the  water  collects  in  the  cavity, 

k  hies  higher  and  higher  in  the  leg 

A  B  until  it  reaches  the  level  K  B, 

vhcn  it  begins  to  flow  through  the 

kng  le^  B  C ;  and  as  the  water 

continued  to  rise  in  the  cavity,  the 

difchargo  at  C  will  also  increa!»e  until  the  water  flows  in  a  continuous  jet. 

Xow,  on  the  principle  of  the  siphon,  the  water  will  continue  to  flow 

from  C  until  the  water  in  the  cavitv  sinks  to  the  level  of  A  E,  when  the 

air  will  rush  into  the  siphon  ABC;  and  then  the  water  will  not  flow 

again  until  it  has  reached  the  le\-cl  K  L,  so  that  the  spring  will  appear 

to  have  regular  intervals  of  repose. 


Fig.  17. 


ELASTICITT   OF  THE   AIR. 

13.  This  property  of  the  air  has  already  been  explained  in  Hydro- 
statics, Art.  4,  and  also  in  Exp.  1,  Art.  4,  of  the  present  treatise.  The 
ibUoti'ing  simple  experiments  will  still  further  elucidate  the  subject. 


ExPERIMryTS. 

Exp,  1.  Introduce  water  into  n  larjije,  -wide- mouthed 
bottle;  fit  a  small  gla<as  tube,  open  at  both  end?,  to  the 
mouth  of  this  bottle,  by  means  of  a  perforated  cork,  as 
shown  in  the  figure;  How  tliroush  the  tube  so  as  to  in- 
crease the  quantity  of  air  in  the  bottle  :  after  withdrawing 
the  mouth  the  water  will  rise  in  a  jet.  owing  to  the  expan- 
ixre  force  of  the  condensed  air  in  the  bottle. 

Erp.  2.  Fig.  19,  A  is  a  two-nceked  bottle  containing 
some  water ;  B  is  an  inflated  bladder  tied  to  one  of  the 
BMBthiof  tbBhoCtU;  a  6  is  a  long  glan  tuba  rsaching  nearly 
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to  llic  bottom  of  thr  bnttiG :  thulubeis  fltted  air-tiglit 
10  the  moutli  of  the  bottle  hy  passing  through  a  per- 
fiitutcd  Lvrk.  By  cciiiiprcaiing  the  air  in  the  bladder 
the  wniLT  will  ri'*'  up  the  tube,  from  the  elasticity  or 
prcs.'^urc  of  the  i^adcnscd  air  in  the  bottle. 

lUp.  3.  The  following  instructive  experiment  afibrdt 
on  amuitiiig  illustration  of  the  elasticitj  of  (he  air,  as 
iviill  as  of  the  iialure  of  apreifio  gravity.  Fig.  SO,  A  is 
a  widc-mculhiHl  bottle,  nearly  tilled  vith  wal(T,1a 
ivliicti  Hjnie  hollow  ^issa  figures  having  a  hole  in  one 
foot,  tnlktl  bottle  impi,  ore  placed  bo  OS  to  float  near 
the  ^urfuc't  ivhen  filled  nilh  air ;  a  pi«CB  of  Uadder  ii 
tied  over  the  ranulh  (if  llie  bottle  Eo  ai  to  exclude  tha 
G\ti.'nwil  HLT.  Prew  the  bladdernith  thefingeni  the 
lI'Miri.'a  il<.«(.'cn<l  in  the  'watetj  remove  the  prcKUre.  and 
they  a'cdid  :  aiid  to  on.  By  thue  alternately  rui^g 
niut  il<.'jj)rs-i:iB  Ihc  liiigcn,  the  little  figures  iut,y  be 
nvirk',  us  it  nere,  to  dance  up  and  down  the  ftnid. 
IlcrL'  tlie  ]jnssurc  on  the  bladder,  by  comprttsing  the 
B^  l<eni.-uth  it,  produces  a  pres»;urc  on  the  nirfui^  of 
ll'.p  walpr,  and  this  causes  a  small  portioQ  of  the  liquid 
10  1  liter  Ibc  b'lUow  figures,  which  incrcaEcs  thdr  epc- 
eilii-  Btavity.  and  in  this  case,  therefore,  they  deecend: 
moTtd  from 
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rplain  this  law.  let  P  rq)ro*mt  a  piston 

air  in  the  cylinder  A  1)  C  D  ;  sup- 
of  the  piston  to  be  one  Kjiiarc  inch,  and 
>hcrc  exerts  a  prc*siirc  of  lt5  lbs.  \ycr 
w  let  an  ndditiuunl  load  or  p^L"^isu^e  of 
»n  the  pistrm,  then  the  piston  will  de- 
I  the  air  beneath  it  will  be  reduced  to 
inal  volume  —  that  is  to  say,  tur  under 
o  atmotphercs  is  reduced  to  one  half  its 
Agniii,  let  tn-iee  15  Pw.  be  laid  upon 

it  will  descend  still  farther,  and  the  air 

be  reduced  to  one  tliird  its  original 
p  say,  tur  undir  a  prcssun  of  three  at- 
uced  to  oiie  t/iird  its  orifjitial  space;  and  to  on.  Thus  tt 
we  intTcase  the  pressiut*  applied,  eo  we  in  the  same  pro- 
he  space  occupied  by  the  air.  And  it  will  he  readily 
the  prt-ssure  wliich  coniprc"s«es  any  i)ortion  of  air  is  the 
lasticity  or  tendency  whicli  it  ha^i  to  cxpancL. 
lasticity  was  first  proved  by  ilarriottc,  in  the  following 


FiQ.  22. 


Take  a  lx?nt  tube  II  E  A  B  closed  at  B ; 
le  mercury,  ^o  as  to  make  it  stand  at  the 
in  both  Ici^  of  the  TuIk.'  ;  let  the  sjiacc  A  B 

enclo^'d  air  be  divided  into  equal  jwrts ; 
ito  the  tul)e  until  the  volume  of  air  in  A  B 
B  ;  tlien  it  will  be  found  that  when  (.'  B  is 
he  c-olumn  of  mi.Tenry  1)  II  proflucinj;  this 
about  30  inches,  or  a  cf)hnnu  of  nicrcury 
the  pressure  of  ilie  atmosphere;  that  when 
i  A  B,  or  whni  the  volume  of  air  is  reduced 
column  of  mercury  D  II  is  twice  30  niches, 
xcby  proving  tlie  law  of  elasticity  just  ex- 


'curiatlon  in  the  Density  of  the  Air, 

en  already  mentioned,  Art.  1 0,  that  as  we  rise  above  the 
he  air  becomes  thijuier  and  tlnnner,  or  less  and  Icns  dense 
jary  consequence  of  the  law  of  elasticity.  The  follow- 
rclation  between  the  density  of  the  air  and  its  height 
of  the  sea  deserves  to  bo  c««pceially  noticed :  as  the  deva- 
erel  of  the  sea  increa«;es  in  arithmetical  progression,  the 
ure  of  the  air  decreases  in  geometrical  progression.  Thus* 
if  the  oir  at  the  level  of  the  sea  be^  on  an  average*  16  Ibi. 


i 


108 


XATCEAL   AND   EXPCRUIEKTAL   PUILOSOPHT. 


per  sqoare  inch,  then  at  the  height  of  about  3i  milts  *  it  has  a  preesttreof 
i  of  15  ilts  ;  a:  the  htiiiht  ox  2  times  5^  miles  it  has  a  prussure  of  4  of  lo 
1.:*. ;  a:  ti*e  hti^iii  of  U  umes  H  miles  it  has  a  pressure  of  i  of  15  lbs. ; 
and  so  cu.  i:  \Mii  be  scv«  thai  for  ercry  successive  34  miles  which  we 
sKxiid,  the  pn^ssurc  oi  the  air  is  always  the  lialf  ol  what  it  is  at  the  pre- 
ccdmg  elevation,  lliis  law  would  be  stiictly  true,  if  the  atmosphere 
were  every  where  of  the  same  tempcratuze  and  contained  the  mne  quan- 
tity of  moisDize. 

EcJaiions  of  Air  to  HeaL 

1 C  'When  a  body  is  heated,  it  expands  or  becomes  greater 
in  bulk;  in  this  wav,  beat  rarefies  bodies,  and  causes  them  to 
become  specifically  lighter. 

Elastic  fluids,  such  as  air,  are  more  susceptible  of  this  action  of  heat 
than  either  solids  or  liquids.  The  air  over  a  common  fire  becomes  rare- 
fied by  the  heat,  and  Ixing  thus  rendered  specifically  lighter  Ihan  the 
surrounding  atmo^plicrc,  it  ascends  up  the  chimney,  and  its  place  ii 
supplied  by  the  current  of  air  which  rushes  towards  the  fircjJace  from 
all  parts  of  the  nxjin,  especially  from  the  openings  or  apertures  in  wui- 
dows  and  doors.  Thus  a  fire  creates  an  artificial  \\'ind.  On  the  same 
principle,  the  unequal  distribution  of  heat  over  the  earth  produces  on  a 
great  scale  the  various  currents  of  air  or  ivinds,  which  are  every  where  £dt. 

17.  Tlic  following  simple  experiments  ^Hl  render  this  property  of  air 
more  apparent. 

Experiments. 

Exp.  1.  Partially  fill  a  bladder  with  air,  and  after  tying  its  mooth, 
place  it  near  a  good  fire :  the  air  within  the  bladder  espands  and  oom- 
pletcly  fiUs  it. 

Exp.  2.  Invert  a  wine  glass  in  a  basin ;  gently 
pour  hot  water  into  it :  bubbles  of  air  escape  from 
the  wine  glas»,  in  consequence  of  the  expansion 
of  the  air  by  the  heat. 

Exp.  3.  llirow  a  piece  of  burning  paper  into  a 
wine  glass,  and  while  the  pajKr  is  still  burning, 
forcibly  close  the  mouth  of  the  gLa«s  nith  the 
liand ;  after  a  few  seconds,  the  glass  will  be  found 
to  stick  to  the  hand  vnxh  considerable  force. 
Here  the  heat  expels  nearly  the  whole  of  the  air  in  the  glass,  by  cmttuig 
it  to  expand  *  after  the  air  in  the  glass  cools,  it  contHMta,  and  then  the 


Fig.  24. 


*  More  exactly,  3.42  malM. 
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pcsurc  of  the  external  air  upon  the  outside  of  the  glass 
becama  greater  than  the  pressure  of  the  rarciied  air  v^ithin 
thc-|^la.s8. 

tip.  4.  Cut  a  piece  of  psipcr  in  the  forai  of  a  spiral, 
as  in  Fig.  2*5 ;  run  a  thread  tliiough  the  centre  c;  bus- 
ptnd  the  paper  by  this  thread,  and  it  \»-ill  have  some- 
ihing  like  the  fiirm  of  a  corkscrew ;  bring  it  over  the 
flame  of  a  candle :  the  nispcnded  paper  turns  round  in  one 
certain  direction.  Here  the  heated  air  about  the  candle 
fticeiids,  and  by  strpung  against  the  surface  of  the  paper, 
causes  it  to  revolve  on  the  eamc  principle  as  a  toy  wind- 
nilL 

The  ExJiautting  and  Condensing  Syringe, 


Fiy.  25. 


Fig,  26. 


Fig,  27. 


18.  This  instrument  is  used  for  two  pur- 
pnpcs,  viz.,  for  exhausting  air  from  a  vessel, 
and  al-^  for  compressing  air  into  a  vessel.  A 
fcction  of  this  instrument  is  rcpi-escntcd  in 
ihc  accompanying  figure.  P  is  a  eolid  piston, 
woikin«»  uir  tight  in  a  cylinder :  V  S  is  the 
piston  rod,  \\  orking  through  an  air  tight  collar 
5*,  fo  that  as  the  piston  rod  move*  up  and 
down  through  thU  collar,  no  air  shall  be  al- 
lowed to  pass  through  it  into  the  cylinder  ;  V 
ii.  a  valve,  or  little  door,  ojKniing  outwards  ; 
O  is  an  open  a^xnture  leading  to  the  vessel 

At  from  which  air  is  to  be  exhausted.  Let  us  now  see  how  this  in- 
strument ejchcuists  the  air  from  vcsst^ls.  First  of  all,  the  piston  P  is 
drai^Ti  to  the  top  of  the  cvUihUt,  then  the  glass  globe  A,  having  a  stop 
cock  B  attached  to  it,  is  screwed  on  to  the  i)ipe  (),  and  the  stop  cock  B 
i*  ojKiicd.  Tlio  instrumrnt  being  in  this  state,  force  do^\•n  the  piston ; 
then  the  air  beneath  it  is  driven  out  of  tlie  cylinder,  through  the  valve 
V,  while  thv  air  in  the  glo^)c  expands  and  (ills  the  upper  part  of  the  cyl- 
inder. Ila«i  the  pist/m  ;  tlvjn  the  valve  V  in  closed  by  the  pressure  of 
the  external  air,  and  a  vacuum  is  formed  benea^li  it ;  but  tlie  moment 
the  ])iAton  P  pa«:4*es  the  orifice  O,  the  air  ruhhi^  from  the  bottle  and  fills 
up  the  void  fonned  in  the  cylinder.  When  the  piston  is  forced  down 
a^^nin,  a  quantity  of  air,  eijual  to  the  volume  of  the  cylinder,  is  again 
driven  out ;  so  tliat  after  this  o^xTation  has  been  reix^tcd  for  about  a 
doicn  timcn,  the  air  in  the  bottle  becomes  eo  attenuated  or  rarefied,  ns 
tlmort  to  approQch  a  vacuum.  After  the  exhaustion  is  completed,  the 
•ock  B  is  dosed,  and  the  globe  is  unscrewed  from  the  cylinder. 

10 


110 


KATCRAL   AND    EXPERIMENTAL    PHIL090PHT. 


I/Ct  us  now  8oe  how  the  iiistnimcnt  acts  as  a  condenser  of  air,  Flist 
of  all,  the  pL<ton  V  l*  drawn  to  the  top  of  the  cylinder ;  then  the  bottle 
A,  into  which  the  air  is  to  ho  CH)tnj)rci!6C(l,  is  screwed  on  to  the  pipe  Q« 
tho  pipe  (),  iu  tins  ousts  lx:i:ig  loft  completely  open.  Force  down  the 
piston ;  then  tlie  air  beneath  it  is  driven  through  the  valve  V  into  the 
bottle,  liaise  the  piston :  then  a  vacuum  is  formed  beneath  it,  but  at 
the  »amc  time  the  valve  V  is  kept  shut  by  the  pressure  of  the  air  in  the 
bottle,  so  that  no  air  can  e^'ajie  from  it ;  now  the  moment  the  xuston  P 
passes  the  oriilce  O,  the  external  air  rushes  into  the  cylinder  and  fills  it* 
In  the  next  downward  stroke,  the  air  beneath  the  pisfon  is  again  forced 
into  the  lottl? ;  so  that  at  evcrj  downward  stroke  a  quantity  of  air, 
equal  in  volume  to  the  cylinder,  is  forced  into  the  bottle.  When  the 
air  has  Ijccn  sufKciently  condc>nscd,  the  cock  B  is  closed,  and  the  bottle 
b  unscrewed  from  the  cylinder.  The  bottles  used  for  holding  ooadcnsed 
air  are  usually  made  of  metal. 


77ie  Air  Pump, 

19.  The  air  pump  is  u.4ed  for  withdrawing  the  air  from  liage  glaa 
vessels,  called  receivers,  in  which  experiments  ' 

are  performed.  Thi?  accom'^nying  figure 
represents  a  common  air  punqi,  with  a  single 
barrel.  P  is  a  piston,  working  air  tight  in 
the  barrel  or  cylinder  11  e ;  tliis  piston  has 
a  valve,  or  little  door  in  it,  oixniing  up- 
w;u-(ls,  which  allows  the  air  to  eticape  out- 
wards, but  dtK-s  not  allow  any  air  to  pass 
inwards ;  V  is  a  valve,  placed  at  the  bottom 
of  the  cylinder,  which  al>o  lifts  upwards; 
0  D  E  O  is  a  pipe,  which  amnects  the  cylin- 
der with  a  flat,  polished  plate  U,  on  which 
ths  receiver  A  stands ;  the  bottom  of  this 
rcceivrr  is  c^ound  flat,  .so  tliat  it  may  fit  per- 
fectly air  tight  to  the  plate  when  a  little  lard 
is  ru])bed  oviT  it ;  K  is  a  stop  cock ;  «?  is  a 
nut,  which,  being  unscrcwod,  allows  the  ex- 
ternal air  to-cnter  the  receiver ;  N  M  Ls  the 
mercury  gauge  for  indicating  the  degree  of  exhaustion  produced  in  the 
receiver  A ;  this  gauge  acts  on  the  same  principle  as  the  TorriccUiBn 
tulxj.    (See  Art.  10.) 

Let  us  now  sec  how  the  pump  acts.    The  rocdrcr  A,  frtmi  -which  the 

air  is  to  bo  withdrawn,  being  carefully  pbced  upon  the  plate  with  a 

little  clean  krd  rubbed  upon  it,  the  «op  cock  K  ia  opened,  and  the  nirt 

0  Sm  senvrod  MghHy  \xi^    Theixtttx«mtnt\>ttn«  Vn  tUi&  ^Uj^Um^iI^ 


Fig.  28. 
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F  ti  vnked  n^ndly  up  and  don-n,  until  a  niffidcnt  d^srcc  of  oxhuu^- 
tua  19  produced  in  the  nceiva,  which  is  olwayri  itlionu  ly  tlu>  hoi^lit 
N  U  Bt  which  the  mcnmry  uands  in  the  gauge ;  thu  «iup  uxk  iv  ia 
;ksi  dmcd  in  ordtr  to  cut  crit  any  funhfr  iiiluniui ligation  irilli  ihc 
pump,  AC  each  dowDwud  stroke  at'  the  piiton,  the  valve  in  it  otwiu, 
lUpwiag  the  ■it  beneath  it  to  eKap«,  nliile  tlic  valve  V  is  nloscd ;  0.1 
He  oontnrr,  at  each  upirard  stroke,  Ihe  toItc  in  the  piitoii  is  closed  Ly 
ikcjnsaoicof  thce;ttcn)al  air,  wlule  the  aiiin  the  receiver  lifts  up  ths 
nlre  V,  and  fills  up  the  vacuum  which  would  otherwise  be  formed  be- 
neath tbe  piaton.  Thus  a  certain  portion  of  the  air  remaining  in  die 
ncevvr  id  always  withdrawn  at  every  double  stroke,  so  that  ly  eoniiu- 
mi^  the  pnceas,  the  air  in  the  receiver  at  length  becomes  so  lareUcd  as 
ihnost  to  Bpi>i>«ch  a  vacuum. 

To  show  the  loc  of  the  gauge,  let  ui 
(appose  that  the  column  of  mercury  in 
the  barometer  stands  at  the  height  (MT  30 
iache,  and  that  the  culunin  M  N  in  the 
gauge  in  ^3  inclic!* :  then  the  dclioieney,  2 
i.-.chos,  in  due  to  the  elaAieily  nf  the  air  in 
the  rectivcT  ;  and,  thertfote,  since  3  is  the 
I'l  part  of  3i),  the  clisticity  0/  the  air  in 
ibe  rcctivEr  will  be  the  ■j's  jiart  of  the  elas- 
ticity of  llic  external  air. 
20.   In  tirdct  to  facilitate  the  cxhau,«lion, 

air  pumpB  ore  utnally  made  ivith  two  cyl- 

indci%  w  that  while  one  jniton  ii  aseend- 

inp.  tbe  other  U  dcctndinp,  and  thus  the 

pmct»s  of  cxhau^ion  is  continually  kept 

up.     The    pirtfin*,   in    these    pumps   ore 

moved  hy  a  twithcd  wlicc-I,  which  is  made 

to  act  upon  nifk^  fonneil  upon  the  piston 

rod^    The  aceompanyins  fiRuic  Tcprcscnts 

•n  air  pnmp  of  thU  kind,    n  nnd  c  arc  the  j 

two  botTcl* ;  r  nnd  U  the  r.irk"  ftirmeil  o 

the  ]rirtnn  ro(U ;  II  i«  the  hnntllc  or  winch, 

whii-h  Eiveii  mntirm  to  the  toolheii  wheel 

placed  between  the  milt*,  Fo  that  a  back 

■nd   forward  motifni    bein?   (Tivm   to   tliis 

handle,  nn  up  and  dnnn  motion  i*  commu- 
nicated to  the  piston!;  A  i=  the  rredvcr, 

stnnilintr  on  the  j.lnt?  11 ;  T  ii  a  tiible,  on 

which  the  machine  is  fixed ;  E  E  are  the  pillars  supporting  the  plate  B ; 

St  la  iha  mentuy  gngc ;  and  ao  on  to  the  other  parti  of  the  machioa. 
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■wrra  tuE  AjB  Fuiir. 


Fig.  30. 


Fif.  31. 


^;i.  1 .  'lu  fiKtcn  Ibc  hand  to  a  glass  by  n 
the  atiiiospliLiic  jitcssure.    A  li  is  a  imall  glass,  ojwn 
at  buth  ciids,  lUxiut  3  inches  Uiamf^Gr.    I'lacu  tbi::<  giai 
over  the  bole  of  tho  uir  pump  plate;  lay  your  ham 
tightly  over  the  top  A ;  turn  the  handle  of  the 
for  a  few  times:  the  hand  becomes  fastened  t 
glass  by  the  pnssorc  of  the  air. 

JLip.  2.  To  hurst  a  blaiidcr  by  the  pressure  of  the 
Btmo^cre.    Tic  a  pccc  of  thin  bladder,  icoisteiicd  in 
water,  over  one  end  of  the  glaffl  used  in  the  last  experiment ; 
after  the  bladder  has  become  dry,  it  will  be  perfectly  tighL    ' 
Place  the  glass  on  the  plate  of  the  air  pump;  tlicn,  nflcr  a 
few  turns  of  the  handle,  the  blndder  will  burst  with  a  loud 
report,  from  the  pressure  of  the  otmosphere. 

Exp.  3.  A  and  B  arc  two  broHi  cups,  ealled  Magdebotirg 
hemiipherti,  which  exactly  fit  each  other  ot  the  edge*,  so 
that  tthert  llicy  are  brought  together  they  form  a  sphere ;  C 
is  a  pipe,  with  a  stop  cotk  leading  into  the  interior  of  the  / 
cup  13.  Put  a  little  lord  on  the  edges  of  the  cups,  and  bring 
them  together  ;  screw  ihcm  by  means  of  (J  to  the  plate  of 
the  air  pump;  exhaust  the  air  from  the  inside;  turn  the 
nop  cock  C,  and  unscrew  them  Irom  the  pump ;  screw  the 
handle  D  on  at  C  :  the  cups  being  now  pressed  togclhpr  by 
the  atmosphere,  will  icquiie  a  considcn^e  force  to  separate 

Supposing  the  wr  to  he  completely  exhausted  from  the 
inside  of  the  cupi,  and  that  their  section  contains  10  square 
inches;  then  the  atmospheric  pressure  on  each  square  inch 
vill  be  about  IS  lbs.,  and  therefore  the  whole  pressure  of  the 
atmosphere,  tending  to  keep  the  cup?  together,  «ill  be  10 
times  15  lbs.,  or  ISO  lbs.  In  this  case,  therefore  it  would  rtqnini 
weight  of  150  lbs.  to  separate  thi  cups. 

Rrp.  i.  Tie  the  mouth  of  a  little  flaccid  bladder ;  place  it  bmeeth 
the  receiver  of  an  mr  pump;  exhaust  the  air  from  the  tcceiver:  thoit 
within  the  bladder  gr.idually  expands  {the  pressure  of  the  air  within 
the  recriver  lidng  Tcmoved)  until  the  bladder  becomes  completely  dis- 
tended ;  allow  the  external  air  to  enter  the  receiver  by  turning  the 
lerew  K.  (sec  Fij-.  28  O  the  blailder  becomes  thrivelled  up  as  at  fitst. 

l^p.  S.  Put  a  gla=s  bul'j  B.  llown  at  the  end  of,  a  tube,  into  a  bottle 
Dt  water,  as  ibown  in  the  figure ;  place  them  beneath  the  receiver  of 
tlw  *ii  pnntp ;  cxlmiit  tlwairfiaa  tharvMiTV; 


Fig-il. 
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goci  oo,  the  mx  in  tbe  bulb  will  rise  in  babbles  tbrough  the 
irater,  so  that  the  air  in  the  bulb  will  become  rarciied,  as  well 
as  that  which  is  in  the  recciyer.  W^hcn  the  bubbling  has 
OMsedc  allow  the  external  air  to  enter  the  receiver  :  the  water, 
fram  the  atmospheric  pressure,  rushes  into  the  bulb,  and 
nearly  fiUs  it. 

£qh  6.  A  small  bottle  containing  a  bubble  of  air  is  sunk  in 
a  dfiep  Tend  filled  with  water,  as  in  the  accompanying  figure ; 
place  the  vessel  beneath  the  receiver  of  the  air  pump,  and  ex- 
hanftt  the  air:  the  bottle  rises  in  the  water ;  allow  the  air  tp 
tata  the  receiver :  the  bottle  sinks  to  the  bottom ;  and  so  on. 
For  an  explanation  of  this  experiment,  sec  Exp.  3,  Art.  13. 

Ejrp.  7.  A  represents  a  receiver,  open  at  the  top,  but  which 
ii  ckwed  air  tight  by  the  perforated  cork  k,  and  barometer  tube  '^* 
«  6;  e  is  a  cup  of  mercury,  into  which  the  open  extremity 
of  the  tube  a  b  nearly  dips.  Exhaust  the  air  from  the 
receiver ;  depress  the  tube  a  6,  so  that  its  extremity  may  be 
immened  in  the  mercury ;  allow  the  external  air  to  enter 
the  receiver :  the  mercury  mounts  up  the  tube  a  b  very 
nearly  to  the  height  of  30  im-hcs. 

This  experiment  clearly  shows,  that  mercury  is  sustained 
in  the  barometer  tube  by  tlic  pressure  of  the  atmosphere 
alone,  and  not  by  any  imaginary  principle,  such  as  suction 
or  Holuns  horror  of  a  vacuum,  as  the  ancient  philosophers 
supposed.     (See  Art.  10.) 

Exp^  8.  The  accompanying  figure  represents  a  piece  of 
ap[)aratu.4  for  producing  a  fountain  in  a  vacuum,  A  brass 
pipe  a  e  passes  through  a  smooth  plate  B ;  this  pipe  has  a 
rtf jp  cock  at  C,  and  a  jet  at  its  ui)pcr  extremity  c ;  11  Ls  a 
tall  glass  receiver,  standing  on  the  plate  B,  from  which  the 
air  may  be  i^-ithdrawn  by  ticrcwing  the  extremity  a  of  the 
pipe  into  the  hole  of  the  air  pump  plat*>.  When  the  air 
hsH  been  ^ithdrawni  from  the  receiver  E,  it  Ikjcohics  fLxed 
to  the  plate  B  ;  the  stop  cock  C  is  then  closed,  and  the  ap- 
paratus is  unscrewed  from  the  pump.  Xow  plunge  the 
extremity  a  of  the  pipe  into  a  vessel  of  water ;  oi)cn  the 
cock  C  :  the  vrater  rises  in  a  beautiful  jet  withm  the  receiver. 

Ezp.  0.   To  transfer  a  liquid  from  one  bot-      ^    

tie  to  another.  The  bottle  A  contains  some 
colored  liquid;  the  bent  tube  A  a  5  B, 
reaching  nearly  the  bottom  of  the  bottles,  Ls 
fitted  air  tight  to  the  neck  of  the  bottle  A, 
but  pMWi  fireely  through  the  neck  of  the 

20^  Fi^.  W. 
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mil'  r  Mil''.  I'!:!''!'  lliU  u)>i»iRitu4  unilLT  tlic  rcravor  of  tlic  ait  punip.iuii 
I'vl.Ti:!-!  l)i>'  uii :  lli>'  li>|<iiil  paidcx  innii  A  tu  11,  t'luia  the  uluiitiiiltii 
tliL-  nir  ill  itn-  furiiiLT.  Xuiv  udiiiit  thu  ;ur  iulo  thu  rciicivvr  :  tiic  liquid 
r-liim.  I.<  tU  liollli^  A. 

l.e,;  lU.  rkiii:  H  ^liiivL'Ucd  u]<t>Ii-  bmcalh  thi?  receiver  of  the  ui 
liiiti]i:  (\tiiiu-t  tlu'uir:  lUi'i4>i>li.'^udita11j' bocilineiplumpaiiiliouudinl, 
fnnii  tl:(<  ixjiiiiL'^i-i:!  i>f  lUi-  ;iir  tvithin  it.  .Viliiiit  tlic  air  iiiEu  the  KxiiTci: 
llii'  ;i;>;J!:  bLc>iiu>i  fhriviUiJ  ii[)  as  at  tir»t. 

/.'.■■.'I.  II.  riai'f  a  ^lu-s  of  btiT licntotli  thi'  rccdvcr;  (-.thaiisl  thcait 
ii'\:\  i: :  tlie  Unr  i'San*  up  aud  appears  quite  brisk,  trum  the  escape  of 
I'iirliiiiii'  iiciil  (SI-  vhieh  i<  iii  it.  Now  athiiit  iliu  uir  into  the  n-eidTti; 
i1l;'  !>ii!iI  Xiwi  ci-UH-',  ami  the  Ucr  uii^kurj  Ibt  aud  duud. 

r.-rj:.  \i.  Tu  shuw  thut  air  i-t  i-ulitaiuvd  in  the  jiorca  of  soM  sub- 
i-taiii',¥.  I'ut  a  jmi'i'  (if  lAi't  mit,  dt  a;iy  jipruua  eulsiante,  into  a  Tcui 
(if  iViitiT,  :i:id  [il:t<.'i'  it  Ijcncalli  the  rcedvcr  of  the  uir  puiu]) ;  then,  upon 
cxliiiu-tini-  ihi;  n'<  i'ir(r,  tliL'  bi.'et  rtiut  bix-omcs  covcTcd  with  little  globulci 
L  iiui'i:  (lisaii^Kar  wlicii  the  external  uT    ~ 


Ih.; . 


.   Thi.'  prc^urc  of  the  atiuofiihere  1^'iU  t<xiC  mercury  thiousb 
f  »i«>il.    The  luttiil  t<latc  a  a  id  mode  to  lit  tlio 

^(Lvir;  llii--  pliilt  law  a  hcdg  pawing  through        ^ 

i -h  is  littid  a  wcivjcn  cup  ft.    Phiec  the  plate  "  "I ;  fc'  ;j~' 
IJ-iii  Ihe  l.,ii  uf  the  reiiii-eii  (ill  the  tup  b  with        Ki' 
iiiil  ixhaii.^t  tlie  air  from  the  rccdvir :  a  line       Fig.  33- 
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.  Let  motion  be  given  to  the  wheels 
receiver  cont^uns  air :  the  wheel  b  stops 
ter  than  a.  Now  exhaust  the  receiver, 
set  the  wheels  in  motion ;  the  wheels 
•ja  move  for  a  much  longer  time  than 
a  the  air ;  and  moreo^  they  stop  at 
instant. 

».  Smoke  falls  in  rarefied  air.  Blow 
idle^  and  put  it  under  a  receiver ;  the 
es  to  the  top.  Partially  exhaust  the 
the  receiver;  the  smoke  descends  in 
fiedfically  lighter  than  itself. 
^  Weighed  in  the  air,  an  ounce  of 
earier  than  an  ounce  of  lead.  Balance  a  piece  of  cork  and 
I  small  pair  of  scales ;  place  them  beneath  the  receiver,  and 
be  air ;  the  scale  on  which  the  cork  is  put  plainly  prepondcr- 
is  shows  that  the  air  exerts  a  greater  force  of  buoyancy  on  the 
it  does  on  the  lead. 

I.  Sound  Is  not  transmitted  through  highly  rarefied  air.  To 
important  fact,  a  bell  must  be  placed 
le  bad  conductor  of  eound,  Fuch  as 
3r8c  hair,  to  separate  it  from  the  plate 
pump ;  and  the  apparatus  must  be  so 
that  the  clapper  can  be  made  to  strike 
without  allowing  the  extcmiA  air  to 
exhausted  receiver.  In  the  accorapa- 
ure,  R  represents  the  receiver ;  a  the 
iing  on  the  horse  hair  cushion  g;  cb 
JT,  which  may  be  agitated  by  the  lever 
id  to  the  rod  h  k,  passing  through  the 
ox  «  at  the  top  of  the  receiver.  Before 
withdrawn  from  the  receiver,  let  the 
}  agitated,  to  Bly>w  that  the  sound  of 
I  distinctly  transmitted  through  the  air  in  the  receiver.  Now 
•  be  exhausted,  and,  during  the  process,  let  the  clapper  be  agi- 
1  time  to  time ;  the  soimd  becomes  more  and  more  feeble,  until 
tltogether. 

).  Water  boils  at  a  much  lower  tcmperatm^  in  rarefied  air. 
ae  hot  water  beneath  the  receiver,  and  exhaust  the  air :  tho 
b  violently.  Admit  the  air  into  the  receiver ;  the  ebullition  in 
t  ceases;  and  so  on. 

it  is  that  water  boils  at  a  much  lower  temperature  at  the  top 
ntain  than  it  docs  at  the  level  of  the  sea. 
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Tlie  Common  Pump. 

21.  The  accompanying  figure  represents  a  section  of 
suction  pump.  A  C  is  a  cylinder  of  barrel,  in 
M-hich  a  piston  P  is  moved  up  and  down  by 
means  of  a  piston  rod  R,  attached  to  the  ex- 
tremity of  the  lever  11  H  of  the  first  kind.  In 
the  piston  is  a  valve  v  lifting  upwardt ;  and  at 
the  bottom  of  the  barrel  is  another  valve  V,  also 
lifting  ujncarJa.  A  B  is  a  pipe,  passing  from 
the  bottom  of  the  barrel  into  the  well  from  which  ^j^ ' 
the  water  Is  to  be  raised. 

The  first  cffct-t  of  the  motion  of  the  piston  is 
to  clear  the  barrel  and  pipe  of  air ;  at  the  first 
upward  stroke  of  the  piston,  the  air  in  the  pipe 
A  B  expands  and  enters  the  barrel,  and  being 
thus  rarefied,  exerts  le:^  pressure  upon  the  water 
in  the  pipe ;  the  consequence  Is,  that  the  pressure  -^ 

of  the  external  air  force.*  a  portion  of  water  into 
tlie  pipe.  Now,  in  the  downward  stroke  of  the  piston, 
closes,  while  v  opens  and  allows  the  air  in  the  barrel  to  c 
there  b  now  a  much  Icrts  quantity  of  air  in  the  pipe  than 
first ;  at  the  second  upward  stmkc,  therefore,  the  air  in  th< 
further  rarefied,  and  thus  an  additional  qiuintity  of  watc 
the  pip?  by  the  pressure  of  the  external  air  ;  proceeding  in 
after  a  few  strokes,  the  water  is  raised  into  the  barrel,  and 
kind  of  action  takes  place. 

In  a  downward  stroke  of  the  piston,  it  plunges  amongs 
the  barrel  of  the  pump ;  the  valve  V  closes,  and  the  valv( 
allo^^'s  the  water  to  pass  to  the  upper  side  of  the  piston.  I 
stroke,  the  valve  v  closes,  and  the  valve  V  opens,  and,  b} 
of  the  atmosphere,  the  water  follows  the  piston  in  its  as 
the  water  above  the  piston  is  pushed  before  it,  and  thus  th 
charged  in  a  stream  at  the  mouth  C  of  the  pump ;  and 
number  of  strokes. 

If  a  perfect  vacuimi  were  formed  by  the  piston  as  it  ascei 
would  be  raised,  on  an  average,  to  the  height  of  34  feet  a 
of  the  water  in  the  well,  which  is  the  height  of  a  column 
culatcd  to  balance  the  average  pressure  of  the  atmosphere 
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Tlie   Common  Forcing  Pump, 

Tliis  pump  raises  wutcr  from  the  well  iiito  the  barrel,  on  the  prin- 
>f  the  ftuctiun  pump  just  described,  aiid  then 
rcbsure  ul'  the  piston  on  the  wutcr  elevates  it 
r  height  that  may  be  required. 
re  P  is  a  solid  piston,  working  up  and  down 
haml ;  V  a  valve,  lilting  upwards,  placed  at 
ip  of  the  pipe  descending  into  the  well ;  v  a 

also  lifting  upwards,  placed  in  a  pipe  D, 
I  co&vc}'s  the  water  to  the  cistern, 
a  dcMxaidiiig  stroke  of  the  piston,  the  valve  V 
I  and  the  vulvc  e  opcnff,  and  the  water,  being 
d  liofore  the  pi»ton,  is  forced  up  the  pijx;  D  to 
ighar  level  required ;  on  the  contrary,  in  an 
iing  fctrokc,  the  valve  v  closes  by  the  pressure  of  the  extnrnal  air 
he  water  in  the  pipe  D  ;  tlic  valve  V  q)ens,  and  the  water  rL«^  into 
irrel  of  the  pump  by  the  pressure  of  the  atmosphere  on  the  water 
I  wdl ;  and  so  oii  to  any  number  of  strokes. 

The  Forcing  Pump  with  an  Air  Chamber. 

This  engine  merely  differs  from  the  preceding  one  by  having  an 
imbcr  €  c  V  connected  witli  the  vertical  pipe  T). 
ir  chamber  is  a  cl^v^cfl  ve<?«ol,  having  the  pipe 
cending  into  it,  and  a  valve  v  opening  and 
;  its  communication  witli  the  barrel  of  tlic 
.     AVhc!!  the  piston  P  descends  the  water  U 

through  the  valve  r  into  the  air  chamber,  so 
s  soon  as  llie  water  rise^  alxive  the  lower  ori- 
'  the  piiM?  D,  tlie  air  in  the  upper  pjirt  of  the 
yer  is  contracted  or  compressed  ;  and  this  com-  -. 
in  of  the  air  causes  it  to  exert  a  cnntinnous 
.It!  upfyn  the  surface  of  the  water  in  the  cham- 
:hich  forces  the  fluid  up  the  pipe  D,  and  thus  a  constant  discharge 
he  ci*tcTn  is  sustainctl.  In  the  common  forcinj;  i)ump,  the  water 
7  divharcc^l  jil  each  downward  f-tmkc  of  th?  pi^^ton,  whi  rcas,  in 
tficnt  ca»ie,  the  pressure  of  the  air  in  the  cham])cr  su'^tains  the  dis- 
e  thrnti;;h  the  vertical  pipe  I),  during  the  intervals  takwi  up  by 
jwanl  stnikes  of  the  pistim. 

?  Rrriit  def<.Tt  of  ^is  engine  is  as  fi^Ilows  :  aft(T  the  pump  has  1)een 
lime  in  action,  the  air  in  the  chamber  becomes  ab«r)rbed  by  the 
passing  throuc^h  it,  so  that  at  length  it  is  found  that  nearly  all  the 
firPt  in  the  chamber  has  passed  away  "with  the  water  discharged 
I  jniop* 
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DouUe-aeling  Pump. 
2i.  ThiB  pump  is  desigocd  to  remedy  the  defect  of  Uie  precediaf  on*. 

It  is  siinply  a  double-acting  forcing  pump,  dmilai  in  i 
tliat  described  in  An.  22.  P  is  a  solid  piston,  which 
moves  up  and  down  in  a  cylinikr ;  the  rod  o(  Ihia 
piston  pusBcs  tlirougb  a  stuHing  box  at  S  for  the  pur- 
IMHC  ol  keeping  tlic  cylinder  nil'  ti[;ht.  On  the  op- 
posite sides  of  the  cylinder  arc  tuo  pipes,  A  1)  aiid 
C  D ;  where  A  I)  descends  into  [he  'n'ell,  and  C  D 
conveys  the  water  to  the  reservoir.  There  are  four 
valves,  a,  b,  e,  c,  o]ieniiig  and  eloping,  aa  the  ease 
tnny  be,  the  cominuniculion  of  iIickc  pipes  with  the 
cylinder.  Thcie  volvus  all  lilt  ia  Ihc  tame  direction, 
Ibat  is  to  tlie  right,  Suppose  tlio  rj-lindcr  and 
pil>cs  fiJlcd  with  water  j  then,  in  an  iipT\-ard  stroke 
of  Ilic  piston,  ihc  vulvcs  n  and  c  arc  opened,  and  c 
and  b  are  cloud;  the  water  in  forced  by  the  piston 
through  the  valve  c .  aiid  then  up  the  vertical  pipe 
CI);  at  the  same  time  the  water,  by  the  atmofphcric 
pressure,  ri^cs  up  the  pipe  A,  and  opening  the  vcIt: 
0,  (blloWB  the  piston  in  its  ascent :  on  the  contrary,  when  the  p 
descends,  the  valves  a  and  e  are  closed,  and  c  and  b  arc  opened ;  Ih* 
water  L9  then  forced  through  the  valve  c,  up  the  vertical  pipe  C  D,  and 
the  watci  from  the  well  cnlcra  the  cylinda  through  the  valve  b,  and  tbl> 
lows  the  juston  in  its  descent ;  and  »)  on  to  any  number  of  stroke*. 


77ie  Fire  Engine. 

25.  This  engine  is  simply  a  comMnB- 
tion  of  two  forcing  pumpfl,  having  a 
common  nir  chamber,  II,  and  the  same 
suction  pipe  F  descending  to  the  watn 
intended  to  supply  the  engine.  (See 
Art.  22.)  The  beam  A  H,  turning  on 
its  centre  of  motion  K,  works  the  tm) 
pistons  C  and  U ;  60  that  while  the  one 
is  d(«rendiiiR,  the  other  15  ascending, 
therehy  keeping  up  a  conlintiniis  flow  of 
water  into  the  nir  chamlKr  11.  A  flex- 
ible tuLe  e  L  of  leather,  called  o  hose,  is 
attached  to  the  dischai^e  pipe,  to  enable 
the  engineer  to  direct  the  strewn  of  wtter 
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upon  any  particular  spot.  The  degree  of  compressioii  attained  by  the 
air  in  the  chamber  regulates  the  velocity  with  'which  the  water  is  pro- 
jected from  the  nozzle  Ij  of  the  hf)50. 

If,  for  example,  the  a:r  be  compressed  to  one  half  its  original  bulk, 
then  it  will  act  upon  the  surface  of  the  water  in  the  chamber  with  a 
pressure  equivalent  to  that  of  the  atmosphere,  and  the  watcT  would  be 
raised  in  the  pipe  e  to  the  height  c;f  about  31  feet,  or  it  would  be  pro- 
jected from  tlic  nozzle  L  wiili  a  velocity  equal  to  that  which  a  bmly 
would  acquire  in  falling  Irccly,  by  the  force  of  gravity,  from  this  height. 
(See  ArL  41.) 

Tlte  ITydrostntic  Press. 

20.  The  principle  on  which  the  power  of  this  engine  depends  has 
eicplaincd  in  the  treatise  on  Hydrostatics, 
.11;   it  only  remains,  therefore,  for  us  to    fr^  ,.:^"".-'';i 
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notice  £ome  contrivances  conncx:tcd  with  its 
operation.  II  C  Is  a  IfA'cr  of  the  sccoud  kind, 
tiiminj:  on  the  tixcd  centre  C,  which  works 
the  li-ton  p  of  the  hniall  cylinder;  P^is  the 
large  p'.st?)n,  whi;.h,  by  ii--cciidiTi^,  compress'. s 
the  ninterial  S  placed  l)Ctw(.c:i  the  press 
toardj ;  A  Ls  a  piix.*  iinjccciling  from  the  bot- 
tom of  the  small  cylind^  r  to  a  ci>.tciii  of  water ; 
V  is  a  valve  lifting  ui)wardlrpljiccd  at  the  top 
of  this  pip? ;  r  Ls  a  valvo,  opening  to  the  left, 
placed  in  the  pipe  which  connect.^  the  two 
cvlindcTs. 

m 

In  a  descending  stroke  of  the  piston  p,  the  valve  V  doses,  and  the 
Talve  V  opL'ns,  and  the  v/atcr  is  forced  into  the  large  cylinder,  which 
causes  the  piston  P  to  ascend  and  compress  the  material  S ;  on  the  other 
hand,  in  an  ascending  stroke  of  the  piston  ;;,  the  valve  v  closes  \ry  tlic 
pircaEure  of  the  water  in  the  large  cyhnder ;  the  valve  V  opens  and 
aUows  a  fresh  supply  of  water  to  enter  the  small  cylinder ;  and  £0  on,  as 
in  the  common  forcing  pump  described  in  Art.  22. 
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27.  This  cle^rant  and  useful  contrivance  for  raising  water  may  be  cm- 
ployrd  ^nth  advantage  where  there  is  (in  abundant  supply  cf  water  with 
onlv  a 'small  d:?pccr.t. 

The  action  of  X\\U  cnrinc  dernnd^  upon  the  grccit  ^)rnp  which  is  'j.rfv 
duccd  wht^icver  a  lody  in  motion  su(ldi?nly  meK.'tA  with  an  obstiick*. 
A  body  cf  water  acquires  motion  in  its  descent  through  an-  inclined 
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pipe  A ;   nnd   the   ouiltt   *. 

upon  bring  «uild«iiy  ck^^ 

allow'B  Ihe  oiotioii  acciiniulat- 

cd  in  ihis  body  of  woicr  to 

cxpvnU  itsclfm  fordns  Kime 

of  the  fluid  in  the  pipe  B  inlo 

an  oir  chnmbcr  il,  whence  it  'V 

ii  TauKi  by  the  prcwure  of 

the  oir  in  the  chamber  to  «ny  propowd  elerrilioTu 

A  ia  an  inclined  pipe  conduuiiiig  a  stream  of  water  from  k  laemA; 
B  a  horizantal  portion  of  this  pipe,  having  a  vnlve  e  opening  Inm  the  A 
cliambiT  1^;  a  is  a  hcnvy  vaivc  ivhicb  clwcs.  when  it  is  liJled  U[iwndv 
the  outlet  of  the  vater  nt  it ,'  this  tuIvc  is  to  heavy  that  it  donndt  b 
ihequipsccnt  fluid  by  its  own  waghl,  thereby  opening  the  outlet  at  C,  tt 
the  ranio  time  it  is  capoUe  of  bc^ng  lifted  up  by  the  imiictiis  «f  Be 
water  as  it  m^hra  out  of  the  cq^ning  k  n-iib  thu  vcludty  iux|uiNtl  in 
descending  the  inclined  pipo  A, 

The  Talve  n  lieing  lirei  opened,  the  water,  rnthing  otlt  of  tic  otifi»fc 
at  length  DCquiics  h  velodtjrjBiflicient  to  drive  the  toItc  n  upintdk 
thereby  closing  the  orifice  J;  tne  current  of  wnttr  ihimigh  A,  bring  ttot 
suddenly  checkcd.CKpcnda  the  motion  accumuinted  iuil  m  forcii^ww 
of  the  fluid  through  the  vnlve  5  into  the  chamber  A  Now.  «limi  itt' 
wotfT  has  become  quioceni,  the  hravy  val|M  dcscentUby  it 
IB  the  orifice  t 
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7%«  Siphon  Founiain. 
39.  Tlu  ketion  of  tliu  finmtun  dcpendi  upon  the 
pinciple  of  the  nphon.  Its  constructidn  is  ta  fbllowB : 
A  i«  a  kIm*  reoBTa  wluch  to  cltael?  to  tlie  plata  B, 
ttawigli  wlncli  two  talMB  •  m  and  *  r  pMB ;  tbe  lower 
extiemity  n  al  tbe  tube  n  m  is  immeited  in  water,  and 
ita  iq>pQ  extremit;  n  iucb  within  tbe  leceiTa  A ;  tha 
Iowa  extieaity  J  ^the  tuber  j  docendi  below  the  aoi- 
beeof  tbe  watain  theTeneln.  To  show  the  action  of 
tha  fountain,  imcit  tha  qiparatuB,  and  pour  a  little 
watCT  tbnmgh  the  tube  t  r  into  tbe  leceivcr ;  dose  the 
^latuie  *  with  tbe  flnget,  and  place  tho  i^iparatua  in  the 
ynajtiiw  thown  in  the  figure.  Now,  as  tbe  coliunn  of 
watQ  in  r  ■  ia  longs'  than  it  ia  in  n  tn,  on  the  principle 
of  the  "pTwin,  Art.  11,  the  water  flows  from  *;  but  this 
occasiona  the  watei  to  tall  in  the  rccdva  A,  and  hence 
the  air  in  the  rccdver  is  rarefied ;  the  pressure  of  the  ex- 
tcmel  air  on  the  water  in  the  vessel  n  forces  the  fluid  up 
the  tube  n  m,  imd  thus  a  jet  ia  Cxnacd  within  the  le- 


DIFFUSION  OF   GABES. 

30.  Bj  this  property  ia  meant  the  tendency  wliich  airs  or 
gases  have  to  iDlermix  with  each  other,  without  regard  to 
their  densities. 

EXPEBIMENTB. 

Eip,  1.  Take  a  bottle  of  caibonic  acid  gas,  and  invert  a  tim- 
tlar  bottle  of  common  air  over  it;  then  after  a  few  minutes  the 
caitmii;  acid  gaa  will  be  equally  dilAiBed  through  the  two  vas- 
seb.  Ilcrc  the  carbonic  acid  gas,  which  is  H  times  heavier 
than  common  air,  rises  into  tbe  upper  vessel  in  opposition  to  its 
gravity. 

Etp.  2.  He  a  jriece  of  bladder  over  one  end  of  a  wide  tube, 
GU  it,  over  water,  with  hydrogen  gas,  and  allow  the  tube  con- 
taining the  gaa  to  stand  for  a  few  minutes.  The  water  will  r-  g, 
gradually  rise  in  the  tube,  opparently  in  opposition  to  gravity. 
Hoe,  from  the  principle  of  dilTiiBivcnisB,  the  hydrogen,  being  thinner 
than  atmospheric  air,  eacapca  tnna  the  tube  thtougb  the  fine  pores  of 
the  bladder  more  rapidly  than  the  external  air  enters  into  it ;  the  conse- 
qnaicfl  ifc.  llMt  t^  jrtmaat  of  tb«  atmoaplura  Ibrcw  the  water  up  the 
11 
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tube  to  fill  the  void  which  would  othenriie  be  Ibnned.  In  this  apea- 
mcD[  the  diffiujivouss  of  gases  appears  to  act  OD  a  dmilftr  pimdple  to 
that  of  cndosmoec  and  cxoamoec,  explained  at  page  90. 

31.  The  prindple  of  the  diffiisiveness  of  gases  U  of  vast 
importance  in  the  economy  of  nature.  For  example,  stmoB- 
pheric  ftir  is  chiefly  a  mixture  of  two  gases,  oxygen  and 
nitrogen ;  but  they  arc  so  completely  diffused  in  the  atmos- 
phere, tliat  every  where  wg  find  them  mixed  in  tlie  Bome 
i-ehitive  proportions. 

LI QITEF ACTION   OF   GASES. 

32.  Some  gaseous  bodies,  when  under  great  pressure  and 
cold,  are  found  to  assume  llio  liquid  form :  for  example,  cai^ 
hoiiic  acid  gas  becomts  a  liquid  when  subjected  to  the  pressure 
of  about  forty  ntniosphcrcs ;  *  and  chlorine  gas  becomes  a 
liquid  at  a  much  lower  pressure.  But  there  are  some  gaaes, 
such  fis  atmospheric  air,  which  liave  hitherto  resisted  all 
attempli!  to  liquefy  them ;  such  gases  are  called  permcauntfy 
elastic  fluids. 

ACOUSTICS,  OR  TIIE  SCTEXCE  OF  SOUND. 

33.  The  atmosphere  is  the  usual  medium  through  which 
sound  is  conveyed  to  the  ear. 

(I.)  Sound  \a  heard  when  any  sudden  shock  or  impnlae 
occurs  in  a  body  having  communication,  through  the  air  or 
otherwise,  w(tli  the  ear. 


Common  instaneea  of  a  ain^  impulse  are,  the  hlmv  bvra  a  hunmar, 
the  clap  of  the  hands,  the  crack  of  a  whip,  a  piatol  shot,  or  anj  ex- 
plorion. 

(2.)  Impulses  quickly  repeated  cannot  be  separately  at- 
tended to  by  the  ear ;  and  hence  they  appear  as  one  contin- 
ued sound,  of  Which  the  pitch  or  tone  depends  on  tlie  nomber 

*  Ciriwnie  add  hw  «nn  bMB  bmsU  to  tin  solid  taB. 
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oocarring  in  a  giyen  time :  all  continued  Bouna  is  but  a  repe- 
tition of  impulses. 

If  a  wheel  with  teeth  be  made  to  tuni»  and  to  strike  a  piece  of  quill 
with  efcrj  tooth,  it  will,  when  moved  iltnoly,  allow  every  tooth  to  be 
Men  and  every  Uow  to  be  scpezately  heard;  but  increase  the  velocity, 
and  the  eye  will  lose  sight  of  the  individual  teeth,  and  the  ear,  ceasing 
to  perceive  the  separate  blows,  will  at  last  hear  only  a  smooth,  continu- 
ous sound,  called  a  tone,  of  which  the  character  will  change  with  the 
vdodty  of  the  wheeL 

(3.)  When  sonorous  bodies  (such  as  glass,  bell  metal,  the 
string  of  a  violin)  are  struck,  a  tremulous  or  vibratory  motion 
takes  place  in  the  body ;  and  this  vibratory  motion,  being 
impressed  upon  the  air,  is  transmitted  to  the  drum  of  the  ear, 
prodocing  the  sensation  of  sound.  The  following  simple  ex- 
periments show  that  sonorous  bodies  have  this  property :  — 

ExPEKDiENTS. 

Exp,  1.  If  a  bell  be  struck,  its  tremulous  motion  may  be  felt  by  gen- 
tly touching  it  with  the  linger.  When  the  finger  is  pressed  against  the 
bell,  the  soimd  is  stopped,  because  the  vibrations  of  the  bell  arc  inter- 
rupted. 

Exp,  2.  Attach  a  small  piece  of  cork  by  a  string  to  a  bell ;  strike  the 
bell :  the  cork  vibrates  with  the  bell. 

Erp,  3.  Strike  a  tuning  fork ;  touch  the  surface  of  some  mcrcurj'  ^ith 
the  end  of  the  fork  :  the  surface  of  the  mercury  exhibits  little  undula- 
tions  or  waves. 

Exp,  4.  Sprinkle  some  fine  sand  over  a  square  piece  of  window  glaas ; 
hold  rt  firmly  by  means  of  a  pair  of  pliers,  and  draw  a  violin  bow  down 
the  edge :  the  sand  is  put  in  motion,  and  finally  settles  itself  in  those 
parts  of  the  glass  which  have  the  least  vibratory  motion.  By  changing 
the  point  by  which  the  plate  is  held,  or  by  varying  the  parts  to  which  the 
TioUn  bow  is  applied,  the  sand  may  be  made  to  assume  dificrcnt  beauti- 
ful shapes. 

34.  All  sonorous  bodies  are  elastic ;  and  the  pitch  of  the 
tone  which  they  emit  depends  upon  the  number  of  vibrations 
which  they  perform  in  a  given  time. 

In  all  musical  sounds  the  vibrations  of  the  sonorous  bodies  are  regular, 
that  is  to  say,  the  rapidity  of  their  vibrations  remains  unchanged.    The 
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fteqnency  of  vibrations  in  Btringi  inoeuci  ^nth  thflir  tmtiaih  tlmimm, 
and  lightneu.  By  tightening  the  string  of  a  violin  the  pitch  of  the  aote 
is  raiscflf  and  the  some  eifcct  is  produced  by  shortening  the  stnng;  in 
both  casos  the  string  is  made  to  Tifarate  quicker.  Hie  pitch  of  the  note 
also  depends  upon  the  thicknen  of  the  string ;  ffar  ezample^  the  thimurt 
string  in  the  violin  emit  the  highest  sounds.  In  order  to  produei  ■ 
musical  sound,  the  number  of  vibrations  performed  by  the  string  cmxut 
be  lew  than  32  per  second ;  a  string  which  vifarstos  twice  as  flat  omti  i 
note  an  m'tave  higher,  and  a  string  which  vibrates  three  times  as  fcst 
emits  a  niitc  two  octaves  higher,  and  so  on.  Wlien  the  stringi  vBbnle 
with  the  same  frequency,  the  tones  which  they  emit  are  in  unison.  The 
plcajdng  effect  of  harmonious  sounds,  such  as  thirds  and  fifths,  is  pro- 
duced by  the  simplicity  of  the  ratio  of  the  vibrations  perffarmed  in  the 
same  time ;  and,  on  the  contrary,  the  disagreeable  effect  of  disondnt 
sounds  arises  from  the  want  of  this  simplicity. 

TVliere  a  continued  sound  is  produced  by  impulses  which 
do  not,  like  those  of  an  clastic  body,  follow  in  regular  socoes- 
sion,  the  effect  ceases  to  be  a  deary  uniform  sound  or  tone, 
and  is  called  a  noise. 

TVansmiasian  of  Sound. 

35.  The  experiment  of  the  bell  in  the  exhausted  receiver 
(see  p.  115)  shows  that  a  sonorous  body  may  vibrate ;  yet  if 
there  is  no  medium  to  transmit  the  vibrations  to  the  ear,  no 

sound  will  be  produced. 

When  a  gim  is  discharged,  the  sudden  expansion  of  the  powder,  com* 
pressing  the  air  immediately  around  it,  produces  a  condensation  of  the 
air  a  Uttlo  farther  away ;  this  air,  by  its  elasticity,  expands,  and  in  its 
turn  produces  a  condensation  of  the  air  beyond  it ;  and  so  on  to  a  suc- 
cession of  pulsations  or  waves  created  by  alternate  condensations  and 
expansions :  in  tliis  woy  all  soimds  are  propagated  through  the  air* 
llicac  successive  pulsations  or  waves  are  somewhat  like  the  sucoevive 
rings  funned  in  water  when  a  stone  is  thrown  into  it. 

36.  Dense  air  is  a  better  conductor  of  sound  than  rare  air. 

Hence  it  is  that  the  sound  of  a  pistol  on  the  top  of  a  high  w>mmfaip 
is  scarcely  louder  than  the  crock  of  a  whip. 

The  distance  at  which  a  particular  sound  may  be  heard  depends  upon 
the  state  of  the  atmosphere  with  respect  to  density,  moisture,  &<*.  It  ia 
cm  BGoount  of  the  difioent  states  of  the  atmo^here  thatSt.  Faol's  ^ikxk 


1 
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• 

ii  bHvd  ■>  modi  men  diftincUy  at  one  time  than  at  another.  In  calm, 
drj  air  the  xcpott  of  a  musket  may  be  heard  at  the  distance  of  five  miles, 
and  the  aonzid  of  cannon  has  been  heazd  over  water  at  the  distance  cf 
200  miki.  In  the  open  air  the  hmnan  yoice  may  be  heard  at  the  dis- 
tmfie  of  230  yards ;  and  Captain  Parry  informs  us  that  at  the  polar 
i^pona,  where  the  air  ia  doise  and  dry,  a  converBation  may  be  canied 
on  between  two  peiBans  a  mile  apart.  The  explosions  of  the  volcano  of 
St.  Yinoent  wore  heard  at  Bemarara,  a  distance  of  840  miles.  This  is 
the  yeiioBt  distance  on  leeocd  to  which  aoond  has  been  conyeyed  by  the 


Vdocity  of  SotauL 

37.  When  a  gun  is  fired,  we  always  see  the  flash  before 
m  hear  the  sound.  Now,  we  see  the  flash  almost  instanta- 
neoasly ;  but  soand  requires  a  sensible  time  to  travel  over 
anj  particular  distance.  In  ordinary  states  of  the  air  sound 
travels  at  the  rate  of  1120  feet  per  second. 

f^m  this  we  can  readily  calculate  the  distance  at  which  a  gun  is  fired 
when  we  know  the  interval  of  time  which  elapses  bcti^'een  the  flash  and 
the  sound. 

Example.  Required  the  distance  at  which  a  gun  is  fired  when  the 
report  ia  heard  three  seconds  after  the  flash  is  seen. 

Herev  distance  travelkd  by  sound  in  1  second  =»  1120  feet ; 

Distance  travelled  in  3  secondss  3  tunes  1120  »  3360  feet ; 
which  gives  the  distance  required. 

In  the  same  way  we  can  flnd  the  distance  of  lightning  from  us,  by 
observing  the  number  of  seconds  which  elapse  between  the  flash  and  the 
aoond  of  the  thunder.  As  the  human  pulse  very  nearly  beats  once  in 
every  second,  we  may  always  readily  find  the  interval  between  the  flash 
and  the  sound  by  counting  the  beats  of  the  pulse. 

3d.  Solid  as  well  as  liquid  bodies  transmit  sound  even  bet- 
ter than  air. 

EXPERDCENTB. 

Exp,  1.  Strike  two  stones  together  imdcr  water :  the  sound  will  be 
as  loud  as  if  they  had  been  struck  in  the  air. 

Exp,  2.  Scratch  the  end  of  a  log  of  timber  with  a  pin  :  a  person  with 
his  ear  at  the  opposite  end  wiU  distinctly  hear  the  sound. 

Exp.  3.  Place  the  end  of  a  long  iron  rod  between  the  teeth,  while 
the  other  end  rests  on  the  bottom  of  a  hollow  vessel :  a  whisper  uttered 
within  tho  month  of  the  vessel  will  be  distinctly  heard,  though  it  would 
bt  fawdiblo  tfaxoDgh  the  air. 
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£;cp.  4.  Siupend  a  poker  by  two  Mtrof/^  and  pen  the  endi  (aie  fat 
each  car,  while  the  poker  is  sllowed  to  hang  Imij ;  itiike  tha  poker :  ■ 
■oimd  like  the  tolling  of  a  luge  bell  will  ba  heaid.  Take  the  endt  at 
the  Ebingi  from  the  ear,  and  the  sound  will  be  comparatiTdj  &et)l& 

Refitelion  of  Sottnd. 

39.  When  sonnd  etrikes  agaiuBt  tmj  fixed  eurfoce,  it  is 
reflected  from  that  surface,  and  the  angle  of  reflection  b  equal 
to  the  angle  of  incidence.  This  law  of  reflection  is  the  Bame 
as  that  which  takea  place  with  respect  to  any  elastic  bodies. 

Thui,  for  example,  when  a  maiUe  is  thrown  obliqQely  on  a  hard  pave- 
ment, it  is  reflected  from  the  sui&ce  of  the  paTemmt  at  an  angle  eqnal 
to  the  incident  angle  —  that  ia,  equal  to  the  angle  at  which  it  meets  the 
Builace  of  the  pavement. 

Echoei, 

40.  Reflected  sounds  produce  echoes. 

In  ordn  that  an  echo  should  be  heard  distinct  fttnn  the  inmd  wbieh 
jBTMiuces  it,  the  rcrflecting  aurfacc  must  be  at  (mch  a  dirtmiwi  that  the 
tc&cctcd  mund  vould  not  be  confounded  with  the  original  Kund  jao- 
cecding  directly  to  the  car.  Now,  the  human  ear  cannot  appteciate 
more  than  ten  separate  sounds  in  a  second ;  so  that,  in  arda  OiM  two 
successive  sounds  may  be  distinctly  heard,  the  interral  between  them 
must  be  at  least  the  tenth  part  of  a  second ;  and,  since  sound  travels  M 
the  rate  of  1120  fbct  per  second,  or  112  feet  in  the  tenth  pert  of  a  sec- 
ond, it  follows  that  the  Tcflcctcd  sound  must  travel  (net  112  feet  men 
than  the  direct  sound  in  order  that  the  echoof  avnglesoundari^UaUa 
may  bo  distinctly  heard  from  the  sound  itscl£ 


Let  A  be  the  place  of  a  person 
giving  utterance  to  a  single  sou  d 
C  the  place  of  the  person  who  hcais 
the  echo ;  E  P  any  wbU  or  obstacle 
which  reflttts  the  Bound ;  A  H  the 
incident  sound;  B  C  the  reflected 
Bomid ;  B  B  a  line  perpendicular  to 
the  plane  of  the  wall :  then  the 
angle  A  B  D  is  called  the  angle  of 
incidence,  and  the  angle  D  B  C  that 
of  re&ectiim.  Now,  the  sound  pro- 
dodng  the  echo  travels  through  the  distance  A.  B  added  to  B  C,  wliila 
the  daoct  toaad  nmply  tnyds  thno^  the  diatanoe  AC,  tai,  them- 
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txB,  if  thcfinna  distance  U  113  feet  greater  than  the  latter,  the  p<TFon 
«t  C  would  dutinctly  hear  the  echo  of  a  single  sound,  aa  well  aa  the 
KnmditieU.  If  the  distance  A  B  C  czcceda  A  C  hjr  twice  112  feet,  the 
echo  ti  two  distinct  soniids  may  be  heard,  as  in  the  cose  of  the  word 
«eA«.  Some  echoes  repeat  sercrsl  syllables  in  succcffiion.  There  ore  dIeo 
some  echoes  which  repeat  the  same  word  screral  times ;  this  take^  place 
when  there  are  a  ssies  of  reflecting  sur&cra  placed  at  difli?i«nt  distances 
tarn  the  Mpaika.     When  a  hill  or  some  cpther  object  obGtnicts  the  diiect 

Whisperinff  Galleries. 

41 .  Sound,  as  well  as  light,  may  be  magnified  bj  reflection  ; 
it  is  on  this  pricdple  that  whisperiog  galleries  are  construcled. 

L«t  A  C  B  E  represent  the 
wall  of  an  elliptical  building  i 
thai  a  whkper  uttered  at  the  fo- 
cus a  will  be  distinctly  heard  at 
the  other  focus  b.  Here  the 
sound  proceeding  fiom  a  is  tc- 
ftxted  from  every  point  in  the 
wall  to  the  point  6 ,-  for  cximiplo, 
the  sound  procc?cdiii^  along  the 
line  0  z  is  reflcctoi  along  tho  line 
z  4,  where,  from  the  property  of 
the  eUipAC,  the  angle  a  x  y  of  the 
tncidcnt  sound  is  equal  to  the 
angle  =  j  6  of  the  rellectcd  sound ;  and  this  takes  place  for  cvctj  point 
in  the  cllipfC.  Tlie  form  of  the  ellipse  is  pcculiiu'ly  adapted  for  a  whiii- 
ptrinj;  gallery,  not  only  on  aeoount  of  the  piopcrty  jurt  iiiciilioucd,  liut 
also  on  account  of  umilher  property,  viz. :  the  »im  of  the  liiim  a  r  ami 
b  J,  drawn  from  Iho  foci  a  and  b  to  any  jwUit  in  the  oUijjse,  i<  ulwuys 
of  the  same  Icn^h ;  from  this  it  lulloivs  that  the  various  reflected  miuids 
icach  the  ear  at  the  same  instant.  The  whii^pering  gallery  of  St.  I'uul's 
Cathedral,  in  London,  depends  upon  a  umilar  pinidplc. 

42.  The  ipeakiitg  trumpet  is  muiJi  used  at  sea  to  render  the  hummi 
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Toicc  heard  at  a  great  distance.  AVhcn  a  ward  is  qioken  at  A*  the  ■amd 
is  reflected  from  different  points  in  the  interior  of  the  trumpet,  so  that 
the  sound  issues  from  the  \^ide  mouth  B  ttith  an  accumulated  fivoa.  A 
Strang  man's  voice,  with  a  good  instrument,  may  be  heard  at  the  diatanoi 
of  three  miles. 

The  hearing  trumpH  is  very  uaeliil  to  penoDS 
dull  of  hearing,  as  it  enables  them  to  hear  what  is 
spoken  to  them.  It  depends  upon  the  same  princi- 
ple as  the  speaking  trumpet,  llic  aperture  A  is 
placed  within  the  ear  of  the  deaf  person,  and  the 
sound  emitted  at  B  is  concentrated  at  A  by  a  series  /^,  55, 

of  reflections. 

43.  Further  Examples,  —  Almost  any  sound  produced  near  a  piano 
forte  whose  dampers  are  raised  finds  a  responsive  string. 

A  harp  or  guitar  in  a  room  with  talking  company  is  oAen  mingling  a 
note  with  their  conversation. 

Savages  often  discover  the  approach  of  footsteps  by  i^iplying  an  ear  to 
the  ground. 

Many  a  haunted  house,  so  called,  owes  its  reputation  to  some  innocent 
cause  which,  operating  without,  is  transmitted  to  the  apartments  within 
by  the  solid  walls,  and  interpreted  by  the  imagination  into  the  langnagff 
of  ghosts.  Even  the  beating  of  one's  own  heart,  under  a  sense  of  iear» 
has  been  ascribed  to  a  trip  hammer  in  some  distant  machine  shop. 

llie  resonance  of  a  room  is  irregular  and  indistinct  when  the  room 
contains  curtains,  carpets,  and  other  furniture,  or  a  czowded  aascmhiy. 
Music  halls  have  generally  plain,  bare  walls. 

WINDS. 

44.  Currents  of  air,  or  winds,  are  prodaced  by  the  unequal 
distribution  of  heat  over  the  earth.  When  the  sun  shines 
over  any  particular  spot  on  the  earth,  the  air  immediately  over 
the  warm  ground  is  rarefied  by  the  heat,  and  consequently 
jiscends,  while  the  surrounding  air,  being  cooler  and  heavier, 
rushes  in  to  supply  the  place  which  the  warm  air  has  left 
vacant.  In  order  to  show  the  truth  of  this  beautiful  law  of 
nature,  the  following  experiment  may  be  made :  — 

Kxp,  Make  a  wide  pasteboard  tube,  and  hold  it  in  an  inclined  pnsttian, 
with  its  upper  orifice  near  the  flame  of  a  candle  or  lamp ;  hold  a  lighted 
piece  of  paper  near  the  lower  orifice  of  the  tube,  and  bbw  it  out;  the 
smoke  from  the  paper  is  drawn  up  the  tube,  and  rises  with  the  ascending 
current  of  air  procced^g  from  the  candle. 
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f%»  kmdmndtm  bneaea^  whieh  chieflf  occur  in  wam  oountries,  afibrd 
iriafis  uid  an  imtnictiTe  illustration  of  the  manner  in  which  winds 
Dt  gmeiallf  prodnced.  These  winds  blow  from  the  sea  to  the  land 
daring  the  dny,  and  the  zerene  of  this  takes  place  during  the  night.  In 
die  daftime  the  land  beoamoi  more  heated  than  the  water,  and  thus 
the  air  over  the  land,  becoming  rarefied,  ascends ;  whfle  the  cool,  dense 
vovtf  the  water  rnahes  in  to  supply  the  place  of  the  rarefied  air.  On 
the  ixailivjf,  during  the  night  the  land  loses  its  heat  more  rapidly  than 
the  water,  vntil  at  length  it  becomes  cooler  than  the  water ;  in  this  case, 
thoffon,  a  cunent  of  air  seta  in  from  the  land  to  the  water.  These 
wiads  tend  to  equalise  the  tempeniture  of  islands  and  all  placci  on  tho 


45.  Winds  are  divided  into  three  kinds:  these  are,  the 
emuiant  winds,  which  always  blow  in  the  same  direction ;  tho 
mmuoonsj  or  those  which  blow  one  half  of  the  year  in  one 
direction,  and  the  other  half  in  the  contrary  direction ;  the 
variable  winds,  which  do  not  appear  to  follow  any  regular  law. 

(I.)  The  coxstaxt  winds,  which  ore  also  called  tr.vde  wixda,  extend 
within  30  degrees  on  each  side  of  the  equator.  The  caufie  of  these  winds 
may  be  explained  in  the  following  manner  :  The  equatorial  portion  of 
the  earth  being  the  hottest,  the  cool  air  from  the  temperate  and  polar 
regions  nuhcs  towards  the  equator  to  suj^y  the  place  of  the  heated  air, 
which  is  there  constantly  ascending ;  and  if  the  earth  were  not  to  turn 
on  its  asus,  this  would  occasion  two  winds,  one  blowing  directly  from  the 
north  pole  towards  the  equator  in  the  northern  hemisphere,  end  the  other 
blowing  from  the  south  pole  to  the  equator  in  the  southern  hemisphere ; 
hot  M  the  earth  revolves  from  west  to  east,  the  air  towards  tlie  poles  has 
a  ksB  rotatory  motion  than  the  solid  ports  of  the  earth  at  the  equator ;  it 
eonseqaently  follows,  that  when  this  air  arrives  at  the  equator  it  docs  not 
move  with  the  same  speed  as  the  earth,  and  thus  a  i^ind  blo'\^'ing  from 
the  east  (contrary  to  the  earth's  motion)  is  produced  at  the  equator. 

Now,  the  air  within  the  northern  tropic,  before  it  reaches  the  equator, 
has  a  twofold  motion  —  that  is  to  i?ay,  it  has  its  original  motion  from 
north  to  south,  and,  owing  to  the  earth's  rotation,  it  has  relatively  a  mo- 
tion from  east  to  west ;  but  as  these  motions  take  place  at  the  some  time, 
it  canscs  the  wind  to  blow  from  the  north-east,  which  is  the  direction  of 
the  trade  in  the  northern  tropic.  Reasoning  in  the  same  manner,  it 
iMIowa  Chat  the  trade  wind  in  the  Mouihem  tropic  must  blow  from  the 
south-east. 

TheK  winds  tend  to  equalise  the  temperature  of  the  globe,  and  to 
maintain  the  purity  of  the  atmosphere ;  for  while  the  cool  air  of  the 
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pcdar  and  tempente  tegiimi  ia  ccratintlj'  deKcnding  towaidi  the  tmid 
nme,  the  waim  ur  of  thit  ume  ii  conttactlr  occnding  and  moTing 
towaids  the  polai  and  temperate  teguni  of  the  ewth ;  thna  while  the 
ccol  air  of  tlie  &igid  and  tempente  Kmea  modfratea  the  ezccaaiTe  beat 
of  t^  tonid  Mine,  at  the  same  time  the  vsrm  aii  of  the  latter  doratee 
tbe  temperanira  of  the  fotmer. 

If  the  earth  within  the  tiopics  woe  coracd  with  wata,  tbe  tnde 
wind*  would  legularlj'  blow  in  the  maimei  jnit  dcaciibed ;  IniMouig  to 
the  nnnqiml  diKributko  of  land  and  water,  these  winda  ne  aotgect  to 
certain  ranarkable  deriations.  As  might  have  been  expected,  the  ti*de 
winda  hlow  with  the  grcateat  i^ularity  orcr  the  expaoae  of  the  PadCc 

(2.)  MoxBooNB.  —  TVlirai  ■  trade  wind  ii  turned  back  or  ^varted  by 
overheated  districts  from  ita  regular  course  at  stated  anaou  of  the  jear, 
it  is  regarded  as  a  moiuoon.  Thus  the  African  monsoons  ot  the  Atlantic, 
the  moTUOCDS  of  the  Gulf  of  Mexico,  and  the  Central  Amaican  men- 
toons  of  the  Pacific  are,  for  the  moat  part,  ibimed  of  the  noith-eaat  trade 
-winds,  which  arc  turned  back  to  restore  the  equiUbiium  which  tbe  orei- 
heatcd  plains  of  A&ica,  Utah,  Texas,  and  New  Mexico  have  diatmbed. 

^Vhcn  the  monfoona  prevail  for  five  months  at  a  time,  (for  it  take* 
about  a  month  ihr  them  to  chongo  and  become  aettled,)  thai  both  thej 
and  the  trade  winds,  of  which  they  arc  finned,  are  called  monaooDS. 
The  south-west  and  north-east  monsoons  of  the  Indian  Ocean  aAord  an 
example  of  Has  kind.  The  south-west  monsoons  of  the  Indian  Ocean 
hlow  from  May  to  September  inclusive.  They  are  caused  by  tbe  intoise 
hcnt  which  the  niys  of  a  cloudless  sun  produce  during  the  aumnieT  time 
upon  the  Desert  of  Gobi  and  the  burning  plains  of  Central  Ana.  WbcD  • 
tlic  sun  is  north  of  the  equator,  the  foice  of  Ms  mys,  beating  down  upon 
these  wide  and  thirsty  plain^  causes  the  air  to  expand  and  ascaid. 
There  is,  consequently,  a  nub  of  air,  espedaQy  from  towards  the  equa- 
tor, to  restore  the  equilibrium ;  and  in  this  case  the  force  which  ttnda  to 
draw  the  tiortb-esst  trade  winda  back  becoipeB  gnsta  than  the  lorce 
which  is  acting  to  drive  them  forward. 

When  it  is  summer  time  in  Africa  south  of  the  equator,  the  winds  are 
blowing  from  the  north-east,  in  obedience  to  the  trade  wind  force,  whieh 
prcvnils  from  November  to  March  inclusive  ;  hence  we  have  the  ncrth- 
esst  monHxinn.  The  monsoon  reason  may  always  be  known  by  referring 
to  the  cause  which  produces  these  winds.  Thus,  by  reoollecting  where 
the  dry  and  overheated  plains  are,  we  know  at  once  that  these  winds  ere 
ru.ihmg  n-ith  greatest  force  towards  these  plains  at  the  lime  ot  theii  bot- 
test  season  of  the  year. 

These  winds  are  of  considerable  importance  b 
Tpyagm  to  the  East  Indiea. 
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(3.)  ToB  Ttaukjas:  imsa  blow  at  all  places  at  d  distance  boxa  tlic 
equator.  Tbc  TariublciicM  dcpcndt  upon  a  vmuty  of  causos ;  &a  wliat- 
«v(9'  ttads  to  diituib  tbc  c<]uilibiiuiu  of  the  atmof^bcrc  will  occosiuii  a 
ehaoge  in  tbc  direction  nf  the  wind- 

Tbe  cold  ur  of  the  polar  regions  b  constantly  flon'ing  towards  the 
mrowT  regions,  partly  as  an  upper  current,  aectjrding  to  the  gmerul 
fanr  at  atmotpbcric  drculation,  cmd  portly  us  a  naifaix  viini  ;  hence  in 
the  northern  hemisphoe  we  have  a  piuvslence  of  north-east  ivinds. 
TheK  windA,  finding  an  open  path  in  North  America,  from  one  end  of 
the  "nmHiimf  to  the  other,  Bwecp  from  the  bordos  of  the  Arctic  Ocnin 
H  hr  aa  the  Gulf  of  Mexico,  llicy  strike  oUiijuely  against  the  Itocky 
Uountaina,  mn  along  their  slopes,  and,  being  n41cctcd  by  tliis  high  chniii, 
llfifi—*"*  ■■  a  north-west  wind  into  the  vnlley  of  the  Misiiistiipin,  acconi- 
pamcd  by  cold  and  Mornn.  Proceeding  towards  the  Atlantic  const,  they 
meet  the  wnth-wcst  or  the  equatiirial  winds. 

This  conflict  between  the  polar  and  e<iuatorial  niuds,  fa  opposite  in 
characlPT  and  direction,  ^ve^  to  our  climate  one  of  ita  mo»it  reniutkablc 
feature,  —  that  of  changettblenet^s,  —  that  great  \-aritty  of  teinjicmtiltc, 
of  drought  and  of  humidity,  of  fair  weather  and  foul,  which  mark  the 
BGBuns  with  unccrtaiiity,  and  the  labors  of  the  liusbaiidmau  with  doubc- 
ibl  ttsull*. 

Sirocco  and   Simoom. 

Th«re  ate  certain  winds  which  have  received  pcciUiar  nnmc:!,  such  its 
the  Sirocm  anil  the  tiimoimi.  These  winda  arc  injurious  to  life,  on  nc- 
count  of  the  burning  sands,  or  on  account  of  the  pestilential  swamjis. 
ara  which  they  blow. 

The  .Sirocro  blows  from  Africa  over  the  soulli  of  Eumpo ;  it  is  es- 
pecially felt  in  the  south  of  Italy  and  tipain.  During  the  continuance 
«f  thii  hot  winditbe  vegetable  treatiiiii  lows  its  frtslini=3  and  bi'auty. 
Kid  the  animala  of  the  Md,  sa  well  a'^  man,  aiijH'ur  to  lougnl^i  ujid 
dnop  with  exeesdvc  exhaustion. 

Tbc  SimBam,  which  lilows  over  tlic  burning  dix-rW  pf  Africa  and  A~ia. 
il  of  all  other  n-iuds  the  mo^t  destniclive  to  life.  The  bnalliiji;;  of  tliH 
■wind  sometimra  oceanons  instnnlaneiius  death  ;  and  to  save  tbcir  livw, 
tnvellers  usually  throw  thenL-elv<s  down  with  thiir  facts  uu  the  ijroiind. 
nntil  the  dewlaling  wind  has  panicil  over  theni. 

46.  Winds  rccdve  names  acccmling  to  the  into  at  whieh  they  IJoiv. 
When  a  wind  blows  at  the  r.ite  nf  5  miles  nn  hour,  it  U  culled  a  gi-iill: 
breeze ;  at  10  milo  an  hour,  n  hrltk  i/alu  ;  nt  10  milc»  nn  lunir,  n  iiyh 
tnnd  or  tlorm  ,-  and  nt  80  miles  an  Imur.  n  hurrieiiiie.  'the  liirce  of  the 
wind  inoKuea  with  the  tqusic  of  the  velocity :  tliua  u  kuiricaju^  having 
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8  tunes  the  velocity  of  a  brisk  gtle,  would  stxike  trees  and  hooni  nidi 
64  times  the  force  that  a  biisk  gale  would  do. 

BALLOONS. 

47.  Balloons  rise  in  the  atmosphere  in  the  same  manner  as  smoke  as- 
cends, or  as  a  cork  rises  in  water.  A  soap  bubble  is  a  little  ballooa  in- 
iiatcd  with  the  warm  air  from  the  hmgs ;  and  it  ascends  because  it  is 
specifically  lighter  than  the  surrounding  air.  A  balloon  is  sometinies 
made  of  thin  paper ;  the  air  which  it  contains  is  rarefied  by  means  of  the 
flame  of  a  piece  of  sponge  dipped  in  Bpirits  of  wine  and  placed  beneath 
an  opening  made  in  the  under  part  of  the  balloon.  This  kind  of  balloon 
was  invented  by  Montgolficr. 

From  its  extreme  lightness,  hydrc^^  is  better  fitted  than  any  other 
substance  to  inflate  balloons ;  though  coal  gas,  from  its  greater  cheapncBS, 
is  generally  used.  Very  large  gas  balloons,  of  a  pear-like  shapes  axe 
made  of  oiled  silk,  and  inflated  with  common  street  gas,  which  is  con- 
siderably lighter  than  atmospheric  air.  The  balloon,  being  filled  with  this 
light  gas,  is  rendered  specifically  lighter  than  the  air ;  it  therefore  ascends 
until  it  arrives  at  an  elevation  where  the  surrounding  air  and  the  balloon 
have  the  some  specific  gravity.  The  car  which  bears  the  aeronaut  is 
supported  by  network  which  goes  over  the  body  of  the  ballocm.  "NVhen 
tlie  aeronaut  wishes  to  descend,  he  pulls  a  cord  which  opens  a  valve  at 
the  top  of  the  balloon,  and  thus  allows  a  portion  of  the  light  gas  to 
escape,  and  thereby  renders  the  balloon  specifically  heavier  than  the  air. 

The  buoyancy,  or  ascending  force,  of  a  balloon  may  be  easily  calculated. 
Suppose  the  balloon  to  contain  32,000  cubic  feet  of  gas,  the  weight  of 
each  cubic  foot  of  air  to  be  1  ^  ounces,  and  the  weight  of  each  cubic 
foot  of  gas  to  be  1  ounce ;  then  each  cubic  foot  of  the  balloon  will  have 
a  buoyancy  of  jV  <)^  &i^  ounce,  and  the  whole  balloon  will  have  a  buoy- 
ancy of  3200  ounces,  or  200  lbs.  If  the  weight  of  the  car  and  due 
material  of  the  balloon  be  60  lbs.,  then  the  balloon  will  ascend  when  the 
weight  of  the  aerrmaut  docs  not  exceed  140  lbs. 

48.  Additionitl  ^(icts,  —  The  pressure  of  the  atmosphere  at  the  surfiice 
of  the  earth  keeps  a  certain  quantity  of  air  in  combination  with  vratcr, 
so  as  to  form  part  of  the  liquid  mass.  The  air  reappears  at  once  on 
taking  off  the  pressure.  This  admixture  of  air  in  water  is  necessary  to 
the  life  of  fishes. 

A  balloon  which  is  only  half  frill  at  the  surface  of  the  earth  beoomes 
quite  full  when  it  has  risen  3^  miles,  because  at  that  height  air  firom  be- 
low doubles  its  volume,  on  account  of  the  diminishied  pressing. 

The  downy  seeds  of  plants  seen  floating  about  upon  the  winds  of 
autumn  6ie  not  lighter  than  air,  but  have  so  much  bulk  and  mn^Kse  m 
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|M|ii«fim  to  thar  weight,  tb«  the  friction  upon  them  of  the  Boriiigtur 
■  gieuor  than  thdr  weight,  and  carrici  than  along. 

Smolie  cooBsU  of  the  duK  and  yioMe  porticlei  which  are  Kpantcd 
ficn  the  fttel  without  being  buined,  and  light  enough  to  be  canicd  alcA 
bj  the  ttMng  cnne&t  of  heated  air ;  but  all  that  is  litilile  of  moke  ia 
jtiHj  besner  than  air,  and  aom  bUa  again. 

When  « low  bmae  ai^oini  a  lofty  tme,  the  wind  blowing  townrdi  the 
htUr  ii  otNtmcted ;  and  if  the  top  of  a  low  chimney  be  there,  thecom- 
paaed  an  mtaa  it  ami  poun  downwaidH.  Again,  whenorv  from  the 
MtKK  of  buildinga  addim  of  wind  occur,  or  unequal  ipiiwiiiiii.  aa  at 
MRtt  cmww^  kc>,  the  chimnejs  around  <lo  not  act  n^uldy. 


«  Fniuuatics. 

1.  If  100  eotie  incbet  of  ntmoaphcric  air  weigh  30  gmini,  what  will  he 
Iheweight  of  I  culncfbot?     (SecArt.fi.)  .^nj.  1.08  Oi. 

2.  IVhen  the  elFvaticm  of  the  mcreury  in  thp  barometer  is  28  inclws, 
what  will  be  the  height  of  a  column  of  water  supported  by  the  atnio»- 
phoic  praeuKt    (See  Art.  S.) 

Cdumn  of  mercury  BUpportcd  by  the  utmoi^erc  ^=  "8  in.  j 

■■  water  "  "  ■'  =  13i  X  28  in. ; 

=  31i  fnt. 
S.  ReqaiRd  thcrame  oa  in  the  last  example,  when  (he  elevation  of  the 
mffcory  i*  U  inehen  i  Am.  21  feet. 

4.  Allowing  that  a  cubic  inch  of  mercury  weighs  i  lb.,  what  would 
be  the  prcscuTG  of  the  atmosphcTc  at  the  lop  of  a  mountain,  where  the 
miTcuTy  in  the  barmnetcr  stunik  at  the  height  of  20  inches  i 

Am.  10  lb«.  per  sq.  in. 
fi,  A  given  portion  of  air  has  a  pressure  of  I.)  lbs.  per  iquaieinch 
when  its  Tolumc  is  5  cubic  feet ;  what  will  be  i»  elasticity  when  it  ia 
iilnjilliwl  into  the  KpoL-e  of  3  cubic  feet  J     (See  Art.  IG.) 
PreasuK  when  its  vol.  i^  3  c.  fl.  =- 15  ll>s. ; 
■•  "      toI.  is  1  e,  ft,  =  6  X  15  lbs. ; 

■■      ToL  i«  3  c.  ft.  =iA±l=  23  lbs. 

t.  Boqaired  the  same  ai  in  tlie  last  example,  when  the  original  pres- 
tan  ii  20  Iba.  with  a  volume  of  2  cubic  feet,  and  the  new  volume  is  o 
cubic  ft>et  ?  Am.  8  Ibt 

7.  If  the  column  of  mercury  in  the  gauge  of  the  air  pump  (sec  Art. 
19)  Mand*  at  27  inches,  when  the  merturj-  in  the  barometer  is  30  inchca, 
what  »  the  elasticity  of  the  aii  in  the  teciivcr,  aa  compared  with  the 
fittTOal  air  I  Ant.  ,^- 

IS 
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8.  If  the  Bcctioii  of  the  Magddxnuf;  hcmi^heres  (8ce  Exp.  3»  Art  20) 
contains  6  square  inches,  and  it  requires  a  weight  of  87  lbs.  to  separate 
them»  what  is  the  pressure  of  the  external  air  upon  each  square  inch  ? 

Atu.  14^  lbs. 

9.  To  what  height  may  water  be  raised  by  the  oammon  pump^  at  a 
place  where  the  barometer  stands  at  24  inches  ? 

Ant,  27  leet.    (Sec  Art.  21.) 

10.  In  the  hydrostatic  press,  (see  Art  26,)  if  the  large  piston  P  con- 
tains 18  square  inches,  the  small  one  H  square  inches,  and  if  the  ad- 
Tantage  gainal  by  the  lever  G  H  is  6,  what  will  be  the  pressure  exerted 
upon  the  preanxMrd,  when  a  pressure  of  60  lbs.  is  applied  to  the  handle? 

Here  the  whole  pressure  on  the  small  piston  is  6  times  60  lbs.,  cr  860 
lbs. ;  that  is. 

Pressure  on  Ij  sq*  in.  =  360  lbs. ; 

••  18  sq.  in.  =  12  times  360  tts.  s=s  4320  Iba. ; 

which  gives  the  upward  pressure  on  the  large  piston. 

11.  Required  the  same  as  in  the  last  example,  when  the  large  piston 
contains  20  square  inches,  the  small  one  2  square  inches,  the  pressure  on 
the  handle  being  40  lbs.,  and  the  advantage  gained  by  the  lever  8  } 

Atu.  3200  lbs. 

12.  Kequired  the  distance  of  lightning  when  the  flash  is  aecn  9  sec- 
onds before  the  thunder  is  heard  ?    (Sec  Art  37.) 

Ant,  1  mile  600  yards. 

13.  At  what  distance  must  a  gun  be  fired  so  that  the  interval  between 
the  flash  and  the  soimd  may  be  3<|  seconds  ?  Ant*  3920  feet 
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1.  Light  renden  the  objects  In  the  external  world  visible 
to  aa  i  tbe  oi^an  of  Bight  is  the  eye ;  the  rays  of  light,  pro- 
ceeding from  BumHmding  objects,  enter  the  eye,  that  wonder- 
ful optical  instrument,  and  bj  acting  upon  the  optic  nerve, 
produce  the  sensation  of  vision. 

2.  Light  emanates  from  all  luminom  bodies  —  such  as  the 
sun,  the  stars,  and  substances  in  a  stale  of  combustion. 

The  sun  ii  the  great  aouicc  of  tight  as  well  sa  of  heat ;  but  there  arc 
many  other  Bourcca  rf  light,  nich  aa —  (f.)  CAemkal  light,  ox  ibat  wiacii 
IB  derived  by  chanicnl  action ;  (2.)  Electric  light,  or  that  light  which  is 
evolved  bjr  the  electric  ipnrk;  (3.)  Light  o/^Tcfim,  that  which  is  ob- 
tained byetriking  two  diarimilMr  hard  bodies  together  ;  (4.)  Phatpho- 
roBtttt  light,  or  that  Ught  which  i»  emitted  by  certain  bodies  at  the  ordi- 
nary teraperflture  of  the  air. 

3.  Non-luminous  bodies  become  visible  to  us  only  by  re- 
flecting the  light  which  falls  upon  them  from  some  luminous 
body. 

The  fixed  stais,  as  well  as  tlic  sun,  shine  by  Ihnr  oitn  light ;  but  the 
mocn  ajid  the  planets,  with  their  satellites,  nhine  only  by  reflected  light. 

4.  Bodies  arc  divided  into  transparent  and  opaque.  Trans- 
parent bodies,  such  as  f^svsi,  nllon  the  rays  of  light  to  pass 
freely  throuj^Ii  them ;  in  other  words,  wc  can  see  objects 
through  them.  Opaque  bodies,  such  as  a  sheet  of  tin,  do  not 
allow  the  rays  of  light  to  pusa  through  them. 

t>.  Light  travels  at  an  inconcciv.ibly  rapid  rale. 

It  takes  abowt  eight  minutes  in  traTcUing  from  the  sun  to  us.  that  is, 
it  moves  at  the  rate  of  about  192,000  miles  per  se(.«nd.  As  regards  all 
jdienomena  upon  earth,  ^hey  may  be  conndcrcd  as  happening  at  the  very 
iiudtnl  when  the  eye  perceives  them ;  the  difiercncc  of  time  being  loo 
mall  to  be  unsreciated. 
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Light  proceeds  &om  visible  objects  in  strdght  lines. 

Thm  we  can  only  tee  a  body,  vbai  in^iti^ig  Ungugh  a  Mniglit  tabi^ 
by  du«ctiag  the  tube  towards  tba  body. 

6.  The  inteiuitj  of  light  vuiea  vith  its  distance  from  ns ; 
that  is  to  say,  like  all  other  prindples  which  emanate  from  a 
centre,  the  inteositj'  of  li^t  deereasea  as  the  squares  of  the 
distances  increase. 

Thus,  at  the  diitaDce  of  two  yardii  die  inlenrity  €t  Eglit  will  ha  one 
finttth  of  what  it  is  at  one  yard;  at  thraa  ytrd%  the  intaiHty  will  be 
one  ninth  of  what  it  a  at  ooe  yaid ;  and  W  on  '•  the  naaon  of  thia  ii 
ifeat  by  Rg.  1. 


7.  There  are  two  remarkable  laws  of  light,  yiz.,  reflectim 
and  refraction. 

Every  boy  ia  farnilini-  yath  the  reflection  of  the  mnEght  ftoai  a  fait 
of  looking  glan.  . 

'^Vllen  we  look  upcra  the  lui&ce  of  a  stKam,  we  ne  the  olgects  at  Hi 
(^yoaite  bank  idected  troin  its  tui&ce.  In  thii  caae,  the  idected  im- 
agea  of  the  olyecti  appetz  tumed  updde  down. 

We  aee  our  ftoes  reflected  ftom  the  ear&ce  of  the  looking  glm.  In 
thia  caai^  the  side  of  our  lace  to  the  left  vppeKt  on  the  tight  of  the  in- 
flected Image. 

'VVg  plunge  a  stick  into  water ;  the  atick  ^ipean  bent ;  thia  ii  owfaig 
tanf ruction. 

We  look  through  a  tumbler  of  water  upon  an  otiject  plaeed  on  the 
ojiqiorite  Bide ;  the  object  appears  very  much  enlarged  and  wnnewhat  dia- 
torted ;  this  la  owing  to  aizvukti :  the  raya  of  light  ptOMeding  fron  tha 
otgaet  at«  changed  from  their  rigfat-linod  couiae  in  paaing  through  the 
tnnapannt  jmHinin.     Thii  change  of  diiection  ia  called  the  ^iect  f£ 

B.   The  great  Newton  conaidercd  that  light  la  an 
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b  of  very  nunute  particln  whidi  an  too  fine 
■  mbtOB  to  exhitit  tlie  ordmaij  properties  of  matter,  and  wMch  travd 
iaMnuBfat  finn  Willi  inooaoanble  jiSadtj,  and  produce  tbe  MnntKiii 


Fig.  2. 


of  liglit  by  pMRUg  into  the  CTe,  strildng  sgainst  the  expanded  nerre  of 
Tison  called  the  fttiaa.  This  has  been  called  the  corputcular  Ihtary  of 
UfU.  There  ia  another  thci^  of  light,  pictty  generally  now  adopted 
bj  phikappbers,  which  is  known  as  the  undutatoiy  theory  of  light :  ac- 
■wjlmg  to  this  theoiy  light  is  supposed  to  be  propagated  by  the  undula- 
tions  of  a  suhtile  ethereal  medium  which  pervades  all  space.  Now,  as 
cither  of  tbcK  tlicories  Krros  the  purpose  of  explaining  and  clasrifying 
the  facta  which  we  shall  hare  occasion  to  notice,  we  shall  not  limit  our- 
■ehca  hf  deddcdly  aduptiug  dtber  the  one  theory  or  the  othet. 


12- 


138 


NATURAL  AND   EXPERIMENTAL  PHILOSOPHT. 


EXPERIMENTS   ELUCTDATING  THE  LEADING    PRINCF. 

PLES  OF  OPTICS. 

9.    REFLECTION. 

Exp.  1.  Lay  a  small  looking  glass  upon  the  floor,  with  its  fiice  iipper- 
most ;  place  a  burning  candle  on  the  flooTt  at  some  distance  from  the 
looking  glass,  so  that  the  light  from  the  candle  may  fall  obliquely  upox 
the  surface  of  the  glass :  place  younelf  on  the  side  opposite  to  ihe  can- 


Tiff.  2. 

die,  shifting  yowr  position  until  you  catch  a  sight  of  the  image  of  the 
candle  reflected  from  the  glass. 

(1.)  The  reflected  ra}f  makes  the  same  angle  with  the  glass  as  the  ind" 
defUray, 

(2.)  The  image  of  the  candle  appears  as  much  behw  the  surface  of 
the  glass  as  the  candle  itself  stands  above  the  glass. 

Bring  the  candle  about  a  foot  nearer  to  the  reflector :  then  you  'vrill 
have  to  bring  your  eye  the  same  distance  nearer  to  it ;  thereby  showing 
that  the  reflected  ray  always  makes  the  same  angle  with  the  surfiice  of 
the  reflector  that  the  incident  ray  does. 

The  angle  of  reflection  is  always  equal  to  the  angle  of  inci- 
dence. 

Thus,  let  E  F  be  the  reflecting  surface,  , 

A  B  the  incident  ray,  B  C  the  reflected 
ray,  and  B  P  a  perpendicular  to  the  sur- 
face E  F ;  then  the  angle  A  B  P  which 
the  incident  ray  makes  with  thia  perpen- 
dicular is  called  the  angle  of  incidence,  ^ 
and  the  angle  C  B  P  which  the  reflected 
raj  makes  with  this   perpendicular  the 


Fiff.i. 
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WH^  of  teSectiai;   and  these  two  angla  are  alwayi  eqiul  to  each 
«ther. 

It  it  quite  true,  at  the  same  time,  that  the  angle  ABE.  irhicli  the 
mcidakt  ray  makes  with  the  wiriice  of  the  reflector,  U  always  equal  to 
tbe  rnifU  F  B  C  which  the  reflected  ley  makes  with  the  sui&ce  o(  the 

In  Kg.  6,  A  B  is  tha  inddent  lay  ptoceeding  from  the  lop  of  the  tiw, 
md  B  C  the  idected  nj ;  £  F  ia  the  incident  ray  proceeding  &am  one 
of  the  kiwa  tnnches,  and  F  C  tha  ledocted  ray.    Now,  becsute  of  the 


Fiff.S. 

cqnality  of  the  angles  of  inddence  and  reflection,  the  im^  D  of  the  top 
of  the  tree  appam  aa  much  below  the  aur&ce  of  the  water  aa  the  tt^ 
of  the  tree  A  ia  really  above  it. 

Exp.  2.  7b  oWmn  three  or  mart  TtfiMttd  imagel  of  an  fi^)Kl.  —  Place 
*  maU  niimir  perpendicular  to  a  larger  one :  put  any  object  between 
thciQ ;  bnng  your  eyes  in  front  of  the  smaller  minor ;  you  will  distinctly 
m  thiec  reflected  images  of  the  object  —  that  is,  one  image  from  the 
reflection  of  the  large  mimr,  another  from  the  reflection  of  the  anall 
mirror,  and  a  third  fjora  the  double  reflection  of  the  two  mirrora. 

Place  ymuaclf  before  two  laige,  peisllel  looking  glasses,  fixed  to  the 
(^ipoeite  waUa  of  a  room,  and  you  will  ace  a  countless  series  of  images 
reflected  &om  the  glast.    This  cfiiict  is  produced  by  a  seriea  of  si 


£171.  3.  7b  ^  a  tipht  oftht  bact  ofyatir  liead.  —  Place  yourself  with 
your  back  towards  a  large  kxAing-glaai ;  hold  a  BmoU  looking  glaie  with 
its  face  towanb  you,  but  a  little  to  one  side,  and  with  its  surface  somewhat 
inclined  to  the  plane  of  the  large  mirror ;  aiter  a  little  ai^iutment  yoa 
will  get  a  distinct  view  of  the  back  portion  of  your  head.    It  is  scarcely 
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necBBitfy  tony  that  this  is  due  tD  two  RflactiflBi:  the  bade  part  0(70* 
head  is  reflected  from  the  large  mizror  to  the  small  one,  and  then  ikm 
last  image  is  reflected  ftom  the  suriace  of  the  onall  mizrar  to  the  eja 

Bxpi  4.  A  penon  nuty  §e§  kU  wkok  figw  t^aHUd  from  tk»  mufmm 
cf  <t  etmparativekf  tmaU  mirror. — Place  jomadf  m  lew  fretiaftontcf 
a  mirror  A  B ;  move  backwards  until 
3PDU  got  a  sight  of  your  whole  figure : 
the  rays  of  lig^t  C  A  pnKeeding  ftom 
your  head  fidl  perpendicularly  upon 
the  miiTor,  and  are  therefore  reflected 
back  in  the  same  line ;  the  rays  B  D 
proceeding  ftom  your  feet  ftill  obliquely 
upon  the  mirror,  and  are  therefore  re- 
flected according  to  the  law  of  reflection  befibie  explained,  in  the  direction 
B  C ;  80  the  image  of  the  image  of  the  fbet  is  seen  at  F  in  the  directioa 
ofthe  line  C  B  produced.  The  imager  aa  befion  elated,  will  appear  to  be 
standing  as  much  bdiind  the  glMB  as  the  aotual  figure  is  standing  before  it 

Exp.  5,     The  nutffie  perspeetite,  as  it  is  called,  is  produced  by  an  ar- 
rangement of  reflectors  whit^  enables  a  pcnon  to  see  en  object  notwith- 


Fig.^ 


<*-E^ 


^ri 


^ 


^ 


Fig.  7. 

atanding  the  interposition  of  an  opaque  ecsreen.  A  A,  ^,  and  k  are  look- 
ing glasses  inclined  at  ang^  of  45^  to  the  horiaon ;  P  is  the  oikject.  P I 
the  incident  rays,  and  I  kg  kA  ther  course  of  the  reflected  rays ;  and 
the  eye  at  A  perceives  the  image  of  the  ol^t  in  the  last  minor  in  the 
direction  A  k, 

Exp,  6.  The  kateidoeeape  consists  of  a  kmg  tube,  bladLened  inside^ 
haimig  three  pieces  of  looking  glass  inserted  in  it  lengthwise ;  one  end 
ofthe  tube  is  closed  by  a  piece  of  window  glass,  and  on  it  is  fitted  a  ooq- 
tinuation  of  the  tube,  the  end  of  this  tube  being  closed  with  a  pieoe  of 
ground  window  glass ;  the  space  between  these  two  glasses,  which  doee 
not  exceed  a  quarter  of  an  inch,  is  filled  with  pieces  of  ccdored  glass ;  the 
other  extremity  is  covered  with  a  cap  having  a  small  hole  through  its 
centro,  to  which  the  eye  must  be  applied.  Hold  thetube  with  the  ground 
glass  to  the  light ;  look  through  the  hole  at  the  pieces  of  colored  glaH^ 
and  the  image  of  a  regular  hexagonal  star  will  be  seen.  The  cfibot  is 
due  to  the  raocoHiye  reflectionB  w^nch  tike  ^y^iacA  tem.  ^Sofe  «s&isfia  of 
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the  time  mitnin ;  the  ngn  proceeding  finxn  each  bit  of  ghM  undergo 
tn^  icAectionH  which,  with  the  otgect  iteeU^  pfeieiita  tix  distinct  images 
to  the  eye. 

fid^.  7.  A  eomeaoe  wnmr.  —  Look  into  the  cancave  fine  of  a  watch 
giM^  taking  eare  to  ha^e  ft  dark  gnxmd  behind  it;  after  acyuating  fbr 
the  fixus,  you  will  sec  a  small  inycrted  image  of  your  fiice  reflected 
firani  the  ooocsve  surface  of  the  glass, 

Biald  ft  aattU  olvect,  auch  as  the  head  of  a  pin,  very  near  to  the  sur- 
five  of  the  reflector:  an  entarged  image  of  the  otgect  will  be  seen  behind 
the^aia. 

A  amvexmirrar,  -^ Look  at  the  conrex  fine  of  the  watch  gloss,  and 
aimilftr  eflbcts  will  be  observed. 


10.    REFRACTION. 

Btpm  !•  7b  firm  tk$  image  qf  a  etmdle  6y  the  trmumimon  of  its  Hgki 
ikrouffk  a  hoie* — Fierce  «  thick  sheet  of  writing  paper  wiUi  a  stout 


Fig.S. 

darning  needle ;  hold  the  paper  between  a  lighted  candle  and  the  wall 
of  the  room :  an  inverted  image  of  the  candle  will  be  thrown  upon  the 
wan ;  move  the  paper  forwards  or  backwards,  until  you  have  attained 
thaC  position  which  gives  the  most  distinct  image :  you  have  then  got 
thefoeuB. 

This  effect  is  simply  due  to  the  principle  that  Ught  is  propcu/ated  in 
abmgAi  Unm.  The  rays  of  light  proceeding  from  the  object  cross  one 
soother  in  poflnng  through  the  orifioe  O ;  the  rays  from  the  top  A  of  the 
candle,  porsoing  the  straight  line  A  O  D,  fall  upon  the  wall  at  B ;  and, 
in  like  manner,  the  rays  from  the  bottom  C  of  the  candle  fall  upon  the 
wall  at  Pi  thereby  producing  an  inverted  image  of  the  candle  upon 
the  wan. 

Bring  the  candle  nearer  to  the  wall,  and  at  the  same  time  shift  the 
position  of  the  oriflce  so  as  to  adjust  the  focus,  ond  you  obtain  an  image 
cf  mftUer  size,  but  of  more  intenuty. 

Exp*  2.  Place  an  empty  vessel  so  as  to  make  the  Bhadow  of  its  od^ 
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Fi^.9, 


Fig.  10. 


to  fall  exactly  at  the  lower  angle  h  —  that  is,  so 
that  tho  ray  of  light  proceeding  from  the  candle 
plmll  be  in  the  direction  a  d  b ;  now  fill  the  vessel 
with  water,  and  the  light  from  the  refraction  of 
the  liquid  will  be  extended  over  the  bottom  of 
the  vessel,  as  shown  in  Fig.  9. 

Exp.  3.  Place  a  coin  C  at  the  bottom  of  an 
empty  tumbler ;  bring  your  eye  E  in  a  line  E  K  C  with  the  edge  of  the 
glas8  and  the  outer  edge  of  the  coin ;  without 
nioring  your  eye,  pour  water  into  the  glass : 
the  whole  of  the  coin  will  now  be  visible  — 
that  is,  it  will  be  seen  in  the  direction  E  D  B. 
The  ray  C  D  upon  passing  out  of  the  water 
becomes  bent  in  the  direction  D  E,  so  that  the 
edjrc  C  is  now  seen  in  the  direction  E  D  B. 

When  a  ray  of  light  is  thus  bent  from  its 
straight-lined  course,  it  is  said  to  undergo  re- 
fraction. 

Light  always  undergoes  refraction  when  it  passes  obliquely 
from  one  medium  to  another.  But  when  the  liglit  passes 
perpendicularly  from  the  surface  of  the  one  medium  to  that 
of  the  other,  it  is  not  altered  in  its  straight-lined  course. 

Exp.  4.  Fill  a  tumbler  with  waiter  ;  place  the  leaf  of  a  book  close  to 
one  side  of  the  glass ;  look  through  the  water  at  the  print ;  you  will  see 
it  much  enlarged.  Here  the  round  portion  of  the  glass  acts  as  a  contex 
lens,  which,  on  the  principle  of  refraction,  causes  the  print  to  appear 
larger  than  it  really  is. 

A  cylindrical  bottle  filled  with  water,  u^  in  this  manner,  makes  a 
good  microscope. 

A  good  reading  glass  may  be  formed  by 
crossing  two  bottles  tilled  with  clear  water,  as 
shown  in  Fig.  11,  and  looking  through  the 
crossed  portion. 

Exp.  6.  Take  one  of  the  convex  lenses  of  an 
aged  person's  spectacles,  and  hold  it  between  a 
candle  and  the  wall  of  the  room ;  an  inverted 
image  of  the  candle  w^l  be  thrown  upon  the 
wall;  move  the  lens  for^'ards  or  backwards 
until  you  have  attained  that  position  which 
gives  the  most  distinct  image ;  you  have  then  got  the  focus  of  the 

Here  the  central  rays  c  F  C  pass  perpendicularly  through  the  lens, 


Fig.  11. 
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undergo  no  refiraction ;  the  extreme  rays  a  I),  falling  obliquely 
upon  the  lens,  are  bent  in  passing  through  it,  and  arc  thus  bent  or  re- 
fracted into  the  course  D  A ;  in  like  manner,  6  E  is  refracted  into  the 
directian  £  B  ;  and  hence  the  image  of  the  candle  appears  inverted. 

£279.  6.  Look  through  the  spectacle  eye  upon  some  print ;  move  the 
kns  up  or  down  qptil  you  have  got  the  focus ;  the  print  will  appear 
coptidfirably  enlarged. 

Perfonn  the  same  experiment  with  the  lens  of  the  spectacles  used  by 
a  ehort-sighted  person  ;  the  print  Mill  appear  smaller  than  it  really  is. 
In  this  ca:se,  the  lens  is  hollow  or  concave. 

Exp,  7.  Take  any  piece  of  cut  glass,  such  as  the  stopper  of  a  de- 
canter bottle,  and  hold  it  between  your  eye  and  the  light ;  keep  turning 
it  round,  and  you  ^^tII  see  all  the  colors  of  the  rainbow.  A  triangular 
piece  of  cut  gla.ss,  called  a  glass  prism,  will  answer  the  purpose  best. 
Here  the  rays  of  light  are  decomposed,  by  refraction,  into  their  different 
colored  pencils  of  light. 

£279.  8.  To  produce  an  artificial  rainbow,  —  "When  the  sun  is  shining 
jiear  the  horizon,  get  a  person  to  project  water  from  a  wot  broom ;  place 
Toursdf  between  the  sim  and  the  scattered  water,  having  your  face 
towards  the  shower  of  drops,  and  you  ynll  ol^crve  all  the  colored  tints 
of  the  rainbow.  Here  the  little  drops  of  water  obviously  decompose  the 
light. 

Exp,  9.  (1.)  Observe  that  while  you  blow  a  soap  bubble,  the  varied 
tints  of  the  rainbow  may  be  seen  reflected  from  the  tliin  film  of  fluid 
fanning  the  bubble.  The  var^'ing  thickness  of  the  film  produces  these 
changes  of  color. 

(2.)  Observe  also  the  colors  exhibited  by  a  drop  of  oil  as  it  spreads 
itadf  over  the  surface  of  water. 

(3.)  Take  a  watch  glass  and  a  piece  of  common  window  glass ;  press 
the  two  steadily  tpgether,  and  luminous  rings  will  be  seen  about  their 
point  of  contact. 

These  phenomena  depend  upon  what  has  been  called  the  intefference 
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Exp.  10.  (1.)  Hold  a  fine  needle  cUne  to  one  eye,  the  other  bang 
shut;  and  look  fixedly  at  it,  against  any  light  object  aa  a  background; 
you  will  see  aeyeral  needles. 

(2.)  Make  a  straight  cut  in  a  piece  of  card  board;  look  through  the 
narrow  opening  at  the  candle ;  on  each  side  iji  the  real  candle  you  will 
sec  other  candles  marked  with  the  colors  of  the  rainbow. 

(3.)  If  the  light  of  the  sun  be  admitted  into  a  dark  room,  by  a  very 
narrow  chink,  several  luminous  chinks,  separated  by  dark  bands,  will  be 
visible  on  the  opposite  wall. 

(4.)  Suspend  a  black  ball  in  the  sunlight ;  the  round  shadow  of  the 
ball  will  contcun  bands  of  light. 

These  phenomena  depend  upon  what  has  been  called  tks  dijfhuUm 
of  UghU 

REFLECTION    OF  LIGHT  FROM    CONCAVB'AND   CONTEX 

MIRRORS. 

11.  Mirrors  are  divided,  according  to  the  form  of  their 
surfaces,  into  plancy  convex^  and  concave.  The  common 
looking  glass  is  a  plane  mirror. 

The  law  of  the  reflection  of  light,  which  lias  been  ex- 
plained, holds  equally  true  with  respect  to  convex  and  con- 
cave reflectors. 

Let  acb  represent  a  plane  mirror,/o  g  a  convex  mirror,  and «( e  •  a  * 
ooncave  mirror,  all  touching  each  other  in  the  oammon  point «;  e  I  a 


Fig,  13. 

perpendicular  to  the  plane  ah;  he  the  direction  of  the  i&oidflnt  n^,md 
c  A  the  direction  of  the  reflected  ray ;  then  kel  will  be  the  angle  of  in* 
ddence,  and  /  c  A  tiie  angle  of  reflection,  to  any  of  theae  minpiB%  and 
these  angles  will  always  be  equal  to  each  other — that  is,  angle  »  wQl  bt 
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eqoftl  to  angle  y,  and*  as  a  necessaxy  consequence,  angle  w  wDl  be  equal 
to  angle  s.  It  will  be  observed  that  a  b  forms  a  tangent  to  the  cnxred 
mirron  at  the  point  of  contact  c,  and  that  c  /  is  perpendicular  to  the 
corves  at  the  point  e,  being  perpendicular  to  the  tangent  line  a  6. 


12.    CONCAVE   MIRRORS. 

The  general  effect  of  concave  mirrors  is  to  produce  an 
image  larger  than  the  object  itself. 

Let  9  V  M  (Fig.  14)  represent  a  concave  mirror;  c  its  centre,  that  is,  e 
h  the  centre  ff  the  circle  s  v  s ;  r  a  luminous  point,  or  the  flame  of  a 
smaU  candle ;  then  incident  rays  r  «, 
r  M,  falling  upon  the  surface  of  the 
minor,  MriU  be  reflected  to  the  same 
point  t,  in  the  directions  s  t^  s  t,  mak- 
ing the  angle  of  incidence  r  s  c  equal 
to  the  angle  of  rcflet'tion  est.  At  the 
pC'int  f,  called  the  focus  of  the  mirror, 
a  nnall  iniatie  of  the  luminous  obja;t 
will  !x?  formed,  wliich  may  bo  received 
upon  a  piece  of  thin  white  paper.  The 
line  c  V  produced  is  called  the  axis  of 
the  rcfiect«jr. 

The  points  r  and  t  arc  convertible ;  that  is  to  say,  if  the  flame  of  the 
candle  be  j^laccd  at  t,  then  r  becomes  the  focus,  and  an  enlarged  image 
of  the  candle  x\'ill  be  formed  at  this  point. 

When  the  rays  of  light  r  *,  r'  s',  &c., 
(Fig.  15,)  fall  upon  the  concave  mirror 
a  r  «',  parallel  to  the  axis  o  i\  they  arc 
reflected  into  a  point  y,  exactly  midway 
between  the  retloctor  and  its  centre  c. 
The  pointy  Is  callcfl  ihc  principal  focus , 
■zid  its  dL=tance/  r  from  the  ppccidum  or 
reflector  is  called  the  principal  focal  dis' 
tanee. 

In  Fig.  14,  /  is  the  principal  focu^,  ^^^'  ^^' 

aiJung  f  V  =f  c ;  t  \&  a  focus  to  the 

rajv  proceeding  from  a  luminous  point  at  r ;  in  this  case  the  inddent 
rays  ire  not  parallel  to  the  axis ;  hence,  by  way  of  distinction,  the  focus 
of  parallel 'Tays  is  called  th^ principal  focus. 

When  the  rays  of  light  come  from  a  point  r  beyond  the  centre  c, 
it  in  Fig.  14,  the  reflected  rays  will  all  oanverge  to  the   focus   t 

J3 
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between  the  principal  Ibou  /  and  the  centre  e 
«f  the  FpcciUam ;   on  the  conRary,  if  the  ray* 
of  light  conie  inxa  a  pmot  r  (rec  Fig.  16)  be- 
tween the  miiTur  and  the  prineipul  fbciu,  tlie 
rcUecled  mya  1  J,  »  9',  S:c.,  will  all  dlTcrgE&om  ^ 
the  BxU  V  c.    If  the  luminous  bodf  bo  placed  in      \  // _^ 
the  principal  focus  /,  (are  Fit".  15, )  then  the  re-      ^Y^d. 
llcctcd  lavB  ar.tr',  &c.,  will  all  be  ponOlel  t 
onconother.  yy^,    ie_ 

Thf  imaye  n/Uc  nln'cH  it  inrnfni.     Lrt  D  E 
be  the  coni-aTe  miiror,  (see  Fig.  IT  1)  Cicsecntie;  ABb  distant  lAgect 
placed  before  it ;  and  a  &  its  inverted  imof^e,  reflected  ftpm  the  miiror. 
IIgtc  the  incident  layii  A.  D,  piovccding  fhnn  the  point  of  the  anoir. 


Fig.  17. 


arc  reficetcd  in  the  direction  D  a,  making  the  an^e  of  reflection  CD* 
cqunl  to  the  iinglc  of  incidence  AUG;  and  the  incident  raya  B  B,  pro- 
ceeding from  the  foot  of  the  unow,  are  ic&ected  in  the  direction  E  b, 
making  the  angle  of  icilcetioa  U  £  &  equal  to  the  angle  of  incidence 
]l  E  C :  and  ra  on  to  other  points ;  thereby  produring  the  little  InTolsd 
image  a  iot  the  arrow  in  the  focus  of  the  reflector. 

If  a  small  ohjeet  Ix;  placed  at  the  focus  a  b,  then  on  enlarged  imags 
viU  bo  formed  at  A  II. 

Erp.  I.  Place  H  candle  at  a  distance,  opposite  to  ft  eoneare  minor, 
(see  Fig.  17  i)  hold  a  thin  piece  of  white  pB]>er  near  the  Borface  of  tba 
minor;  asraoll,  brigljt.invertcd  imageof  the  eandlcnill  be  thrown  upon 
the  paper ;  more  the  papa  backwards  or  forwards  untE  you  hare  got 
the  exact  focus." 

Erp.  2.  Rcrene  the  laait  experiment,  that  Li  to  aay,  place  the  cudle 
in  the  focus,  and  then  an  enlarged  image  will  be  thrown  upon  the  paps 
placed  at  A  B. 

Erp.  3.  Ilold  the  caneave  mirror  faring  the  sun ;  hold  a  joece  of 
paper  in  the  focus,  end  an  intensely  bright  image  will  be  finmed,  idtkh 


M  rny  irtU  fornaking  tlMH  a 


Inthiic 


«  tbe  ptpn.    Tbii  fimu  «  bmnlog  tDim 
« tlie  tmniiiaut  inu^e  Um  in  tbe  ptiodpal  boM  .<tf  t}w  n 


£i^  4.  Plaoe  tlie  omdle  in  the  pnncipal  fiiciu  of  the  wfltclm ;  the 
tan  of  iiglit  inll  ill  be  rtf  ected  parallel  to  the  axk,  and  will  illuninats 
Ilw  wbE  of  tho  room  upon  which  they  are  throvii.  Bring  the  candle 
■till  ncira  to  the  reflecur,  and  the  leflected  raf  i  will  all  diverge  faxa 
the  axil,  and  will  iUuminate  a  greater  extent  of  eur&ce. 

JSip.  6.  Place  the  object  N  S  between  the  miim  and  principal  fbciu 


/  as  Ehotm  in  Fig.  18 ;  Hn  mlargpd  iniiige  of  the  oliject  will  be  k 
iU  {rrtrt  ponilion,  behind  the  mirror. 

Eip.  fi.  Tie  mnjic  mim.r.  — Placp  a 
mull  object  <  fi,  ouncealcd  from  the  I'icw 
tif  the  obwrver,  between  the  centre  r  and 
the  principal  fociu  /;  receive  the  enlarged 
tlD^!e  7i  S  through  an  opFni§g  ciit  in  a 
board  ;  look  in  the  direction  of  IhiH  opening. 
and  Tou  will  see  Ibc  image  sut^pended,  as  it 

Thia  eifcct  ia  easily  rrplaincd  on  the  prin- 
dpln  which  have  been  nlready  expounded. 


13. 


The  principal  focv 
the  reflecting  surface  r 


CONVEX   MtRItORS. 

of  a  convex  mirror  lies  n 


3  fur  behind 
i  beforo  it, 

The  focns  ill  this  case  is  called  llie  virtual  /acne,  because  it  is 
atHj  an  imaginaiy  point,  lownrds  which  the  rays  of  reflection 
appear  to  be  directed. 

Lil  N  S  be  an  object  placed  hcibrc  a  convex  ntirmr,  («cc  Fit;.  20  0 
il  eentic  of  the  mimr ;  /the  ivijicipal  fiicut ;  X  A  tu 
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incidental  ray ;  c  A  D  a  straight  line  drawn 
from  the  centre  c;  A  B  the  course  of  the 
reflected  ray,  making  the  angle  of  reflec- 
tion DAB  equal  to  the  angle  of  incidence 
NAD;  then  a  small  direct  image  n  «  inU 
be  formed  in  the  focus. 


1^.20. 


The  general  effect  of  convex  mirrors  is  to  produce  an 
image  smaller  than  the  object  itself. 

The  phenomena  of  reflected  images  is  more  fully  frxhihitfd  In  Pigk 
21  and  22. 


2^.22. 


The  incident  rays  M  D,  M  F,  are  seen  in  the  directions  D  m,  F  m  ; 
and  N  6,  N  H,  are  seen  in  the  directions  G  n,  H  n  ;  where  the  distinoe 
A  m  and  F  n  behind  the  minors  have  €  certain  conespondence  with  the 
respecdye  distances  of  the  points  M  and  N  in  fiont  of  the  miiron. 


THE  REFRACTION   OP  LIGHT. 

14.  The  following  remarkable  law  obtains  in  relation  to  the 
refraction  of  light :  When  a  ray  of  light  passes  from  one 
transparent  medium  to  another,  the  sine  of  the  angle  of  inci" 
dence  has  always  a  constant  ratio  to  the  sine  of  the  angle  of 
refraction. 

Suppose  m  n  be  the  surface  of  water,  (see  Fig.  23 ;)  ah  the  inddmi 
ray,  making  with  the  perpendicular  hh  d  the  angle  of  incidmee  x  or 
ahd;  he  the  refracted  ray  bent  from  the  right  line  a  hf,  and  fonniDg' 
the  angle  of  refraction  y,  or  ch  h.   With  6  as  a  centre,  descifbe  the  diola 
a d e;  and  oahdlx^  &11  the  popcndiculan  a  g and ehi  then «/ is 


LIGHT  AKD   BEAT. 


called  tbc  n 


I  Gii  flint  t;)aES.    Glan, 
r.     (icoerally  Bpcnking, 


>  of  At  angit  of  iitci' 
itnem,  and  e  A  ia  eaJled  the  line  of 
Iki  anylt  of  rrfraelioti,  and  ttliMC  two 
Uhm  hSTG  always  b  ccmatant  ratio  to 
each  olho-,  viz.,  aa  4  to  S,  or  oa  1.336 
to  1,  wbatercr  (within  certain  ic 
itrictiona]  nu;  be  the  angle  at  u'liich 
the  nj  a  b  meets  the  mi&ce  of  the 
*oid.  The  number  1.336  ii  calltd 
the  index  of  Tefradian  for  water 
VTbea  the  jnaJiuia  ia  flint  glass,  the 
line  of  the  angle  of  incidence  o  jr  is 
V>  the  sine  of  the  angle  of  reAwction 
eh  OS  3  to  2,  or  aa  1.5  b  to  1  nmrl}-. 
Thi'  number  t.a  vt  coUod  the  index  of  rcfrncti 
thiTdbre,  haK  a  hiijhcr  tcfruuliTe  po*er  than  wn 
tJxi  denier  Ike  medium  the  higher  U  U>  refraetii 

WhcD  a  ray  of  li^lit  piis.scs  from  n  rare  (o  a  dense  medium, 
iL«.  for  example,  from  air  lo  water,  the  refracted  ray  is  bent 
liurards  the  perpendk'uhir ;  so,  conversely,  when  Ihe  ray 
passes  from  a  den^e  to  a  ntra  medium,  tlie  retracted  ray  ia 
bent  from  tlie  ]>erpendicuhr. 

Newton  accounted  for  the  refraction  of  Ught  on  the  BuppoBition  that 
Bwdia  of  dilTLicnt  compisitinna  exert  an  attiuctivc  power  on  the  rays  of 
light  when  they Jippruach  their  respective  boundarim:  thus  the  fluid 
M  n  (see  Fif;.  23)  is  liuj^pix^ed  to  exert  an  attractive  influence  upon  the 
incident  ray  a  h,  when  it  uppronchis  the  surface  >;i  n,  and  thereby  bcnda 
the  counc  of  the  ray  dovniwurd';. 


Pasiage  of  a  Rai/  through  (i  Plata  of  Glass. 
15.  The  ray  nill  be  bent  downwards  upon  enter- 
ing the  plate,  but  it  will  iic  bent  ax  much  in  the  con- 
tnry  direction  upon  passing  out  of  the  plate,  as 
dwwn  in  Fi^;.  2 1,  k>  that  the  counv?  of  the  ray  after 
le&action  will  Ix;  parallel  to  tlic  dtruction  which  it 
hid  batam  refraction. 


Pauage  of  a  refracted  Jiay  fhropgh  a  Prism. 

te.  Let  C  (Fig.  25)  be  a  prism  of  glan ;  a  r  the  incident  ray  falling 

pwpHiHinilwJ^  on  one  Ace  of  the  pritm ;  then  tbe  lay  vU^  vit^aiii  W 


^ 


ISO 
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lebacttdn  on  entering  the  prism,  fm  it  wiU  pur- 
niG  the  straight  counc  arc;  but  upon  learing 
the  oblique  tkcc  of  the  piimn,  the  TB7  will  be  bent   ^ 
t«w»nli  the  niriace  of  the  glai«,  or,  what  u  the 
lame  thing,  it  will  be  bent  bom  the  ptrpcndic-     ^^ 
ulu  c  M,  and  will  move  on  in  tbc  dinxtian  e  E. 
If  the  inddoit  nyi  had  been  inclined  to  th« 
plane  of  the  &nt  face,  they  would  have  tiode 
Dona  two  difleient  re&actiona. 


7K«  Multiplying  Glau. 
n.  A  D  C  B  reprencnts  a  sectioQ  of  a  poeo  of  cut  glaa  haring  due* 
faces,  A  D,  D  C,  and  C  B,  inclined  to  one  auoihor,    4*  (t  ^ 

u  ihown  in  Fig.  25;  d  aa  otject  i>lacud  in  fitjut 
of  the  face  A  B  ;  then  an  eye  at  a  will  Bee  three 
diMinct  imaecs  of  the  object.  The  iaj»  d  b  un< 
dergo  idroction  in  passing  from  thc&ccAD.ond 
4  &  in  piuung  from  II  C,  and  eo  on  to  the  other 
fiuice.  The  number  of  imogcti  taen  iHvayt  cottc- 
qxnda  to  the  number  of  incUned  laoee  in  the  mul-  « 

tiplpng  glma.  Fiff-  ><>• 

He/raction  in  Lenstt  or  Glaaea  with  curved  Facet. 
18.  There  are  six  different  fotms  of  simple  lenses. 

TSo.  L,  Fig.  27,  tcpnecnta  a  dotible  rouTtx  lent;  No.  II.  ■  pbno- 
oohmz  lens ;  No.  in.  a  tamiicut  lens,  like  a  watch  glass ;  No.  IT.  a 
B  lens ;  No.  V.  a  platio-ameaBt  lens ;  and  No.  VL  a  ohi- 


HEAT.  151 

Dtjttatiam  rebtiet  to  leoMU.  —  The  line  p  j  (bcg  Fig.  2S)  i*  called 
tbe  iiamtler ;  e  tbc  geometric  crTiire ;  c  n  the  axit ;  m  the  cplieal 
ttmtrt ;  /  m  o  a  principal  whm  it  pasecs  through  the  optical  caitxc. 

Radii,  t  n,c  t,  tx.,  bcdiig  at  right  angles  to  the  curved  surface,  con- 
ftilute   the   peipeadiculUB   &om  which  the   aiiglcB  of  inddeccc  and 


FOCAL    DISTANCES    OF    LENSES. 

19.  DonHt  convex  lemet.  —  "Wbca  the  incident  rajH  are  paraBfl,  the 
distance  of  tbe  fecua/ in  equal  to  the  radiiuof  the  spherical  nufiice,  ei 
tbinm  in  Fig.  29.     Here/  is  called  the  fsincipal  focus. 

^Vhen  the  incident  rajs  are  divergent,  -»  in  Fig.  30,  the  Ibciu  r  lie* 
beycmd  tlie  principal  focus/. 


Fig.  20.  Fig.  30. 

When  the  inddent  rays  are  cmcfrgent,  as  in  Fig.  31,  the  focus  r  !ii» 
irithin  the  principnl  focus, 

2B.  Phna'-conrtJ  leniea.  —  ^^'hcn  the  inc-ifWt  raya  arc  paraUd,  Ihe 
dirtancc  of  the  focus  r  is  ciiuol  to  the  diimictcr  of  tlic  Ephcrical  surface, 
as  i^hown  in  Fig.  32. 


Fig.  31.  Fig.  32. 

21.  In  the  do'iUr  conrtx  lens  I.  T.,  Fig.  33,  O  and  O'  are  the  ccntrra 
of  tbc  Mufaccs  uf  the  lens,  and  also  the  principal  fuci ;  U  the  radiating 
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poiiit  i  F  the  focui :  onil  when  R  appioschn  to  P,  the  fociu  F  neu 
to  P' :  and  when  It  iinnm  !□  O'.  tlic  focus  U  infinitely  distant. 

22.  Doublf  coacan  li-iiin.  —  DivCTgmt  iucident  ni}rs  diTcrgc  RiU  m 
After  refraction,  ar'l  SMin  to  iirocCTii  rrom 
a  point  iirarcr  to  the  lens  thnn  thnt  from 
^'hich  they  octuallv  proceed,  us  shown 
in  Fi|r.  3i,  nhire  ihc  raj's  ptoceediiig 
^m_f'  nic  refracted  towards  r,  and  ap- 
pear ai  if  they  had  emanated  from  r*. 
And  n  on  to  other  cose^. 

The  fori  of  lennes  may  bcreadilf  found 
bj  the  tncthods  of  trial  explained  at 
page  146,  &c 


Fiff.  84. 
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Z3.  Cmcex  Ifiura.  —  If  the  object  N  S  lie  beyond  the  principal  focn^ 
D3  bhoKTi  in  Fig.  39,  the  image  »  a  will  be  inverted.  If  the  object  bo 
very  remote,  as  in  the  ease  of  the  sun,  then  the  image  vrill  be  formed  in 
the  principal  focus  _f(  in  this  case  the  image  will  be  vtry  smolL     If  the 


distance  of  the  otjcct  be  equal  |i 
image  will  be  at  the  eame  diitanee  oi 
the  same  size  as  the  object. 
If  the  distance  of  the  object  be  still  further  dimimtbed,  yet  a 


Fij.  3G. 


the  principal  fornl  liistanee,  the  imngc  will  recede  from  the  lens,  and  Iti 
dimensions  uill  be  increoKrd  accordingly,  as  Khown  in  Fig.  oii. 

If  the  oliijoct  Ii  S  be  brought  within  the  principal  focal  distance,  ai 
dunm  in  FSg.  37,  an  eye  at  the  Ibcui/will  we  an  enlarged  imoga  of  Urn 
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•tut.    In  this  case  the  refracted  rays  do  not  croiB  each  other,  and 
the  image  »  seen  erect. 


Fig.  37. 

Convex  lenses  are  called  magnifying  glasses,  because 
thej  thus  increase  the  apparent  size  of  objects  viewed  through 
them. 

24.  Concave  lenses.  —  These  lenses  diminish  the  apparent 
size  of  objects ;  hence  thcj  are  called  diminishing  glasses. 

An  object  N  S,  (sec  Fig.  38,) 
viewed  from  the  point  /,  will  pre- 
leit  a  nnall  image  n  a  in  tlic  >ir- 
tcoi  fixus. 

All  the  ijhcnomcna  relative  to 
OKiTex  and  concave  lenses  arc  pre- 
ctfely  analogous  to  those  produced 
by  concave  and  convex  mirrors. 


Fig,  38. 


2j.  Distortion  of  images  produced  by  spherical  aherra- 
tian.  —  The  imag(?s  of  objects  produced  by  spherical  lenses 
and  mirrors  are  only  true  for  the  rays  which  lie  near  to  the 
axes.  The  rays  which  fall  at  a  distance  from  the  axes  pro- 
duce distortions  in  the  images,  which  have  been  called  sphcri- 
ad  aberrations.  In  order,  therefore,  to  produce  a  tolerably 
correct  image,  it  is  necessary  that  the  extreme  rays  falling 
upon  the  lenses,  or  upon  the  mirrors,  as  the  case  may  be, 
should  be  excluded  from  the  other  rays  forming  the  picture. 

There  are  other  devices  for  effecting  this  purpose,  which  would  be 
Ibarcign  to  the  object  of  tliis  work  to  explain  very  minutely. 

Dcficartcs  discovered  that  a  concavo-convex  lens,  A  L  a  L,  (Fig.  39,) 
having  for  its  convex  surface  a  portion  of  an  ellipse,  could  be  made  so  as 
to  comet  any  spherical  aberration ;  and  Sir  J.  Uerschel  discovered  that 
the  mw  might  be  effected  by  tn-o  lenses  A  B  and  C  I),  (Fig.  iO.") 
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26.  Catulic  evrw  firmtJ  fty  r^fleetien.  —  The  raj*  of  ligbt  n&cb 
bom  tlie  diflerent  poinU  of  ■  concave  Kflector  U  B  N,  (Fig.  41,]  or 
me  uiother  at  pnrticular  poiDtB,  and  tfatu  « luminou*  cture  of  teflsct 


Fij.  il. 

light,  known  by  the  name  of  the  cmutie  eurvt,  i*  famed.  S  1.  E 
It  3.  Ac,  arc  the  incident  nys  proceeding  bam  the  luminou*  point 
and  1  1,  2  3,  3  3,  &c.,  are  their  respective  reflected  raji ;  the  lumiiu 
intcrscctiona  torm  the  caustic  curve  M  F  N. 

To  ohicTve  this  curve,  place  a.  lighted  uuidle  at  •  Uttk  diitanee  fioR 
liarin  about  one  tiBlf  full  of  milk ;  then  a  luminous  curve  will  be  m 
upon  the  loHace  of  the  milk. 


OPTICAL    INSTKUMESTS. 


27.  The  eye  ii  a  leiiB  of  the  most  delicate  and  elabon 
coiutnictioa.    His  aj9  u  to  ooostnicted  that  it  fiwms  imac 
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of  eztenal  objects  upon  a  thin  screen  of  nerves  communicat- 
ing with  the  brain,  and  thus  the  sensation  of  virion  is  pro« 
duced.  There  is  nothing  in  nature  which  mure  fully  demon- 
strates the  existence  of  a  great  and  beneficent  Creator  than 
the  adaptation  of  the  human  eye  to  the  purposes  for  which  it 
IB  designed  to  serve.  Let  us  look  more  minutely  into  the 
construction  of  this  wonderful  organ. 

The  eye  is  nearly  spherical  in  figure  ;  it  consists  of  several 
membranes  or  coats,  the  anterior  or  front  portions  of  which 
are  transparent,  so  as  to  admit  the  rays  of  light  proceeding 
from  external  objects  into  tlie  interior  of  the  eye.  These 
coats  enclose  two  colorless  fluids  or  humors,  separated  fiom 
each  other  by  membranes ;  the  anterior  portion  being  called 
the  aqiteoiis  humor y  and  the  posterior  j)ortion  the  vitreous 
humor.  In  the  centre  of  this  partition  is  a  circular  aperture, 
or  hole,  for  the  admission  of  light,  called  the  pupil  of  the  eye, 
behind  which  is  a  double  convex  lens,  called  the  crystalline 
lens.  Opposite  to  tliis  lens  is  the  optic  vcrvcy  which  extends 
itself  over  the  inner  surface  of  the  eye.  The  eye  is  sur- 
rounded by  bonps,  and  is  moved  by  various  muscles.  The 
optic  ner\-es  of  both  eyes  unite  in  a  common  nervous  cord 
which  communicates  with  the  brain. 

Fig.  43  represents  a  fiont  view  of  the  eye ;  and  Fig.  42  a  sectional 
>iew  of  it.     ITic  same  letters  of  reference  arc  xiscd  in  both  figiires. 


Fiff.  42. 


Fit/,  43. 


ak  dc,  the  outermost  membrane,  is  called  the  Scltrofic  coai  :  it  forms 
the  white  of  the  eye ;  o  6  c,  the  projecting;  transparent  part,  is  called  the 
Cornea;  e  is  the  Crystalline  lens  sus])cndctl  between  the  Ciliary  Processes 
g  A,  which  divide  the  eye  into  two  chambers,  I  and  g  m  n  h  ;  the  smaller 
•ad  anterior  portion  /  is  filled  with  the  Aqueous  humor,  and  the  larger 
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and  posterior  portion  "^ith  the  Vitreoita  humor ;  the  former  humor  it  like 
vatcr,  and  the  latter  somewhat  like  a  jelly,  but  both  are  colorless  and 
highly  transparent,  and  have  about  the  same  refractive  x>owcts  as  water, 
wliich  is  also  the  case  with  respect  to  the  crj-stalline  humor.  ^  m  n  A  is 
the  Choroid  coat,  lining  the  whole  of  the  interior  surface  of  the  sclerotic 
coat,  in  the  form  of  a  black  slimy  pigment  or  paint,  to  prevent  any  re- 
Hection  of  light  taking  place  within  the  eye.  Between  the  crj-stalline 
lens  and  the  cornea  is  the  Iris  kale,  which  gives  the  peculiar  color  to 
the  ring  of  the  ej'c,  in  the  middle  of  which  is  the  Pupit  I,  which  has  the 
power  of  expanding  and  contracting  to  suit  the  intensity  of  the  light, 
f  is  the  Optic  Nerve,  which  passes  through  the  sclerotica  and  spreads 
itsdf  over  this  coat  in  a  reticulated  form  m  n,  or  in  the  form  of  nctwoikt 
and  is  called  the  Retina,  The  ncr\'cs  of  the  two  eyes,  as  we  have  already 
observed,  unite  in  a  common  nervous  cord  which  communicates  with  the 
brain. 

Now,  when  rays  of  light  from  any  luminous  object  fall  upon  the  eye, 
they  pass  through  the  pupil,  and  then  iM^come  refracted  by  the  crystal- 
line lens  in  the  same  manner  as  by  any  other  double  convex  lens,  and 
then  converge  to  a  focus  at  the  retina,  where  a  smaU  inverted  image  of 
the  object  is  formed,  which,  acting  on  the  fine  network  of  nerves,  pro- 
duces the  sensation  of  vision.  It  must  be  observed  that  the  aqueous  and 
vitreous  humors  also  influence  the  refraction  of  the  light. 

When  the  lenses  of  the  eye  are  too  round,  or,  it  may  be, 
too  dense,  tlie  rays  of  light  are  brought  to  a  focus  before  they 
reach  the  retina :  this  takes  place  with  shortsighted  people ; 
on  the  contrary,  when  the  lenses  are  too  flat,  or  too  thin,  the 
focus  of  the  rays  lies  beyond  the  retina :  this  takes  place  with 
aged  people,  who  are  said  to  be  long-sighted.  To  correct  the 
focus  of  vision,  short-sighted  persons  use  concave  glasses,  and, 
on  the  contrary,  long-sighted  persons  use  convex  glasses. 

An  object  appears  less  and  less  as  its  distance  from  us  is  increased. 
Thus  the  arrow  at  A  B  (Fig.  44)  will  appear  larger  to  the  ej-e  E  of  a 
person  than  it  would  do  at  D  C.  If  the  apparent  lengtlis  of  the  arrow 
in  these  two  positions  be  measured  by  means  of  a  pencil  or  little  rod,  we 
shall  find  that  the  arrow  at  A  B  will  appear  of  the  size  a  6  on  the  pendl, 
whereas  the  arrow  at  D  C  will  appear  only  of  the  size  d  c  on  the  pencil. 

In  judging  of  the  actual  size  of  an  object,  we  always  take 
into  account  the  distance  at  which  it  is  seen. 

Untt,  although  a  boy  near  at^hand  may  appear  to  ua  larger  than  « 
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Fig.  44. 

man  at  a  distance,  yet  we  always  ihnn  a  correct  idea  of  their  reUrtxre 
fKm^gtfwiM  by  making  an  allowance  fca  the  effsct  of  distance. 

We  form  a  jadgment  of  the  distance  of  an  object  by  the 
nrnnber  and  size  of  the  intervening  objects,  andgby  the  dis- 
tinctness or  indistinctness  of  its  outline. 

The  ^irc  of  a  church,  as  it  ajipears  in  the  far  horizon  piercing  the  sky, 
may  be  very  lofty,  or  it  may  be  scarcely  higher  than  an  ordinary  build- 
ing ;  but  there  arc  men  and  carriages,  fields  and  cattle,  forests  and  houses, 
hills  and  valleys,  between  us  and  that  spire,  and,  besides,  the  'v\'indoin'8  in 
its  tower  are  eo  indistinct  that  they  con  scarcely  be  distinguished ;  from 
all  this  we  conclude  that  the  spire  is  a  great  distance  off,  and  that  it  is 
very  lofty.  A  man  seen  through  a  fog  sometimes  appears  to  us  like  a 
giant ;  how  is  tliis  ?  Th*  fog,  while  it  throws,  as  it  were,  a  veil  over 
the  intervening  objects,  caiiscs  the  object  to  appear  indistinct,  and  there- 
by gives  us  a  false  impression  with  respect  to  its  actual  distance ;  that  is 
to  say,  the  fog  causes  us  to  believe  that  the  man  is  at  a  greater  distance 
from  us  than  he  really  is,  and  thus  we  are  led  to  assign  to  him  an  unu- 
Eoal  magnitude.  We  make  the  same  allowance  for  distance,  &c.,  with 
respect  to  the  objects  represented  in  a  picture,  Ihat  we  do  when  looking 
lit  the  actual  objects. 

The  angle  formed  by  the  rays  of  light  passing  from  the  top 
and  bottom  of  an  object  to  the  eye  is  called  the  visual  angle 
or  the  optic  angle.  • 

Thus  the  visual  angle  of  the  arrow  at  A  B  (see  Fig.  44)  is  the  angle 
A  E  B ;  whereas  the  visual  angle  of  the  arrow  at  D  C  is  the  angle 
DEC,  where  it  will  be  observed  that  the  visual  angle  formed  by  an  ob- 
ject becomes  less  and  less  as  the  object  recedes  from  the  eye ;  or,  what 
amounts  to  the  same  thing,  the  apparent  magnitude  of  an  object  is  in 
pwyortion  to  Ua  viiual  angle. 
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In  like  msunei,  tbe  bsvelkr  it  f  df  will  hno  tba  Hme  jq^ant 


Fig.  45. 

mignttnde  to  the  eye  at  a  at  the  distwit  ecoss  il,  becaiue  tbe  visaal  m- 
gloi  b'  ad"  and  bad  nxe  equal  to  each  other. 

In  order  to  undcrstoiid  the  «-ny  in  which  the  eye  Tecdrei  impreMkmi 
of  ol^jects,  let  us  suppose  that,  in  Fig.  46,  K  represents  a  section  of  the 
htunan  eye,  P  the  pupil  in  &oiit,  E  the  cryitaUine  ieat,  in  which  all  the 
nys  are  TefiMMkd  and  crosa  each  other,  £  ;  tbe  concave  mufece  of  the 
back  of  the  ej'e.  called  the  retina,  on  which  the  iaiage  of  tbe  otgecC  ia 
prqfected;  moreover,  let  us  suppow  thut  the  eye  nf  the  person  u  lookiiig 
■t  the  cross  A  B  C  D,  and  tlmt  Q  II  O  X  rcpraents  a  picture  fiame  in 
which  a  pane  of  gloss  is  inserted,  hiiving  its  surface  coated  with  gum 
eraluc  so  that  clialk  lines  may  be  traced  upon  it,  giving  the  picture  cbda 
of  the  cross:  then  lays  of  light  will  proceed  from  ever;  part  of  the  OOE* 
C  B  to  the  eye,  or,  what  i»  the  same  thing,  from  every  part  of  tbe  pio- 
tuTC  c  b  to  the  eye,  and  will  form  tlic  inverted  image  mp  ot  the  dOM 
upon  the  retina ;  thus  It  will  be  understood  that  the  object  and  its  ]ae- 
tuie  would  furm  the  Bontc  image  upon  the  rnma,  for  the  point  b  inter- 


F!ff.  iS. 


oepta  the  view  of  B,  e  that  of  C,  a  that  of  A,  and  m  on.  Non  if  we 
move  the  cross  B  C  to  F  O,  the  picture  /g  on  the  g:lasB,  as  well  n  tbe 
image  k  q  upon  the  tdina,  ivould  be  much  larger ;  thus  it  appcsn  that 
tht  image  en  th*  retina  I'l  larger  or  imailer  at  lAt  cigect  advatteti  to  or 
rwcwiM  from  the  eyt^of  the  tpeeialor, 
'When  an  otyect  is  brmight  too  neat  tbe  vje,  the  angle  of  Tinon  vUl 
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the  image  of  the  olgect  become  so  enlarged  that  the  image  is  thrown 
beyond  the  retina*  which  occasions  us  to  sec  the  object  iudi:stinctly. 
Peraons  of  ordinary  vision  cannot  see  objects  distinctly  when  they  are 
m-ithin  the  distance  of  six  or  eight  inches  from  the  eye. 


mHRsi 


THE  HICROSCOPE. 


28.  The  mR^cope  magnifies  the  images  of  minute  ob- 
jects, and  enables  us  to  see  them  with  greater  distinctness. 
This  is  effected  by  enlarging  the  visual  angle  ;  for,  as  we  have 
showDy  every  object  appears  larger  according  as  we  increase 
this  angle. 

ITie  Single  Microscope. 

29.  The  single  microscope  con- 
liita  of  a  single  convex  lens  m, 
with  a  very  short  focal  distance. 
An  eye  at  a  (see  Fig.  47)  would 
sec  the  arrow  6  c  under  the  visual 
angle  b  a  c ;  but  when  the  lens  m 
is  interposed,  it  is  seen  under  the 
visual  angle  B  a  C,  and  hence  it 
appears  much  enlarged,  as  shown 
in  the  image  B  C.  The  piiiiciples  of  refraction  npon  which  this  depends 
have  alrc.*ady  been  explained. 

In  order  to  see  the  image  distinctly,  it  is  of  course  requisite  that  the 
object  should  be  placed  in  the  focas  of  the  lens. 

ConcaTC  mirrors  may  be  aliso  used  as  microscopes.     (Sec  Fig.  19.) 


Fig,  47. 


Tlie  Compound  Microscope, 

30.  The  compound  microscope  consb<ts  of  two  or  more  convex  lenses^ 
or  of  a  combination  of  louses  and  concave  niirrorj. 

Fig.  48  rt presents  a  compound  microscope  consistinp  of  two  convex 
lenses  B  and  C.  Ilic  first  lens  B  is  called  the  ohjcct  f/laxft,  and  the  sec- 
ond C  the  eye  fjla^s.  ab  \&  the  object;  a'  6'  the  inverted  ma^^nified 
image  formed  l)y  the  lens  B  ;  A  the  eye  of  the  oK^orver  ;  a'  ft'  the  image 
magnified  again  by  the  lens  C,  and  seen  under  the  enlargrd  visual  angle 
a*  A  l^.  Now,  if  we  suppose  the  lens  B  to  have  a  mngnifying  power  of 
25,  —  that  is,  if  the  hnage  a*  h^  equals  2o  timt^  a  b,  and  the  lcn<»  C  to 
have  a  magnifying  power  of  4,  —  then  the  total  magnifying  power  of 
the  miczoscope  will  be  4  times  25,  or  100  —  that  is  to  say,  the  image  of 
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tiw  ol;^  will  appear  lOQ  times  the  sze  of  Oie  object,  uul  the  Tiinal 


tha  visnel  angle  which  the  cifagect  itidf 
e  ob- 


lea'Aft'iriU  belOO 
would  Ibnn  with  the  eye  at  A, 

The  microacope  enables  us  to  see  the  structure  of  vr 
jecta.  The  dnwingg  shown  in  Fig.'49  retresoit  the  appearance  of  •■ 
minate  objects  when  eoen  through  a  tolerably  good  microscripe.  A  icp- 
reaenti  the  wing  of  a  Emnll  insect  callc<l  mnuJou ,-  B  and  C  the  hair  tft 
the  bat;  and  D  and  E  the  hair  of  the  mouse. 


31.  Telescopes  are  used  to  nmgnify  the  images  of  distant 
objects ;  and  this  is  done  in  the  same  manner  as  in  tbe  micro- 
scope, tiIt  by  etdarging  the  visual  angle  at  which  they  are 
Men. 

There  are  two  kinds  of  telescopes  mod  •— refracting  t«le- 
MOpes  and  reflecting  telescopes. 


LIOBT  AND   BZAT. 


RefraeHny  Teletcopet. 


I  i*ltteapt  ia  tepKtm^ted  in  fig.  SO.  It  coiuuts 
■tf  twD  coDrez  Inun,  C  and  B,  oT  unequal  die  and  focal  length.  The 
eye  glssa  B  hai  a  much  greater  magmfying  power  than  the  object  gia« 


C,  which  i«  jurt  the  rCTerae  of  what  is  observed  in 
the  construction  of  the  compound  microscope  rep- 
rtfcnted  in  Fig.  4S;  the  diiitiuicc  of  the  lenses 
tuna  each  other  is  usually  c^tual  to  the  sum  of 
thrir  focal  lengths;  the  eye  g!ii>»  B  is  fixed  in  a 
diding  tube  for  the  piupiiso  of  adjusting  tlie  focal 
diMiincB  between  the  tnu  lenses  to  suit  the  vary- 
ing distance  of  olijcctf.  n  &  Li  the  distant  object ; 
b'  4'  its  image  fomicd  by  the  lens  C ;  B  the  eye 
gla»  which  magnifies  this  image,  so  ibot  it  is  seen 
by  the  eye  A  maenifitd  at  a*  t'. 

The  itiffAl  glati  Li  similar  iji  its  construction  to 
the  nstroiioinicul  tL-lescope. 

33.  The  Irrmtrial  liletcope  is  rcprcaentwl  in 
Fig.  5\  ;  it  usually  cunn^ls  of  four  convex  Icnse?, 
L,  O',  O*,  and  O'  ;  it  may,  therefore,  be  regarded 
as  a  doubli!  astronomical  tcksccqw.  These  ijistru- 
ments  show  ohjects  in  their  natural  position,  llie 
lens  L  has  a  great  focal  length ;  0',  O',  and  O^ 
are  three  double  convex  eye  glasses,  having  i-hoit 
equal  focal  distances  set  in  the  same  sliding  tube, 
■o  that  the  posterior  focus  of  one  lens  may  exactly 
cuneide  with  the  anterior  focus  of  the  next. 

'iliis  sliding  tube  enables  the  bItiCrver  to  adjust 
for  the  fiicus  of  the  field  glaw  I,. 

3^1.    The  Uaiilfan  hk'cnpf  is  rrpnscnted  in  Fig. 

52 ;  it  consists  of  a  convex  objerl  plusa  L  and  a 

pUno-ccmTeK  eye  ghtm  O.    I'he  inverted  image 

afV  which  wiSuld  be  Jbnned  but  for  the  leu  0, 

14* 
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Fig.  52. 

which.by  its  refraction  causeg  the  ra^-s  to  diverge  from  one  another,  and 
thereby  forms  the  erect  image  n*  6',  which,  of  coune,  is  seen  by  the  eye 
at  an  enlarged  visual  angle.  ^  Tliis  instrument  is  now  chiefly  used  as  an 
opera  glass. 

Achromatie  Lenses. 

35.  The  instruments  just  described  have  two  great  defects :  (1.)  The 
defect  arising  from  spherical  alierration  ;  (2.)  The  defect  arising  frcm  the 
colored  light  produced  by  the  prismatic  dccompositian  of  the  light.  (See 
page  153.)  In  order  to  remedy  these  defects,  Dolland  invented  what 
called  achromatic  lenses. 

The  achromatic  lens  represented  in  Fig.  53  con- 
sists of  a  pluno-concavc  flint  glass  fitted  on  one 
face  of  a  double  convex  ctoa^ti  glass. 

Light,  upon  passing  tlux)ugh  a  glass  lens,  is  dis- 
persed —  that  is,  the  light  is  separated  into  diflcr- 
ent  colored  rays.  Now,  crown  and  flint  glass  difler  considermbtj  in  thor 
dispersive  powers,  and  at  the  same  time  differ  very  little  in  their  refrac- 
tive powers ;  hence  the  contrivance  of  the  achromatic  Icna  simply  con- 
sists in  making  the  dispersive  power  of  the  one  glass  exactly  to  counter- 
act the  dLt^pcrsivc  power  of  the  other,  and  thereby  to  destroy  the  effect 
of  what  is  called  chromatic  aberration. 

Fig.  54  represents  the  achroniutic  c>'e  piece  now  in  general  use  in  all 
good  achromatic  telcscoix^  lor  land  objects.    I^  consists  of  finir  IcnsoBi 
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Fig.  51. 

A,  Ct  D,  and  B.    A  is  very  nearly  a  plano-convex  lens ;  C  a  meniflcna ; 
B  a  nearly  plano-convex  lens ;  and  1)  a  double  convex  lens.* 

*  ^or  the  radii  and  distancea  of  l^hcfte  \citteikt  \]tA  i^^Ast  tda.^  coiMult 

^M  Optics. 
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SB.  The  GnivT  IIefiuctok,  at  CAunniDGr.,  JI.vs«.,  is  the  moat  por- 
^  iiMtrunii-nt  of  its  kind  ercr  executed.  It  i«  nut  uuly  uiintualkd 
in  Amcritai  but  is  unmipasM'd  in  the  wocIU.  Its  cibjpt't  gla.'s  hus  a 
Xiaxtts  of  la  inches,  with  a  focal  length  of  2^  feet  G  inches.  Sumo 
of  the  ere  piocea  are  6  inches  lung,  maldng  t)>e  entire  length  23  feet, 
rhe  powers  uf  this  telescupe,  eighteen  in  number,  latige  from  103  to 
MOO.    The  raoTobls  porUun  weighs  about  three  to]i»,  but  la  so  vrcll 


1  upon  Hie  eiiils  of  the 
il  lij-  tli)<k-«i>rk.  keiiB 


mnterpniscd  that  a  riipht  prewme  of  the 
ilaneo  nxU  will  enable  the  iil^erviT  to  <ll 
Utuf  the  heavms.  Aslileri'al  inntinn,  pri> 
■Ic^inl  ohjcets  eonstiuilly  in  thi-  lii'lil  of  v 
'  thi-i  iniitrummt  cmMsts  in  tho  ili-.tiiu'lnc^  with  ivliiih  the  i:htfrvcr 
ciiaMcd,  hy  its  aid,  to  separate  (he  most  ililliuiilt  Kroups  into  their 
ivenl  Cfitnpunent  »tars. 
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REFLECTING   TELESCOPES. 


37.   The  Oregoriaii  leletcope,  repnseaUd  in  ¥\g.  56,  c 
oODcaTe  miiTDis  or  ipccula  <  and  S  S.  with  their  ccmcave 


Kj.  66. 

each  othtT,  and  a  double  convex  eje  gksa  o,  Ute  whcle  being  fitted  hi 
■nelaUic  tube,  a  6  is  the  distant  otject ;  a'  ^  tis  inverted  image,  tnui 
b;  the  large  concave  nurror  or  speculum  S  S ;  this  image  ia  again  l^ 
fiected  by  the  small  mirror  »,  and  tbua  fbnna  tho  iivet  iniagf  a*  f,  «lid 
il  magnified  by  the  lens  d  into  the  image  a*  f,  when  otjMiTed  bj  m 

39.  The  NriBtonian  taUtaipv,  Rireaented  in  Pig.    fit.  conwM  d  > 
large  concave  minor  S  ami  a  nuaU  plane  minor  p  placed  obliquti;  U 
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winr  8;  tUi  mlmr  ii  indiDcd  to  the  axis  of  the  tube  in  nicli  a  mui- 
DCT  u  to  thnrw  the  inTCTted  image  a'  &*  down  to  the  fbcua  of  the  eye 

The  qKcnlum  of  Hencbel's  largEst  telGscope  was  4  feet  in  diameter, 
Willi  a  local  '^j«f"™  of  40  &et.  A  much  lai^cr  one  has  recently  been 
ccutrncted  bj  Lobs  Sohb,  in  Ireland.  The  apeculum  ia  6  feet  in 
£amcta,  with  a  fccal  dictance  of  S4  feet.  The  diofoeter  of  the  tabe  ia 
7  feetfita  laigth  ia  66  &et.    Tho  whole  weight  ia  ova  14  tana. 


THE  CAUEBA  OB  SCUBA. 
40.  The  Camera  OUevra,  or  dark  chantbtr,  in  its  moat  mnple  fbrm,  ia 
ly*^"'^  mon  than  a  dark  room  with  a  bole  in  the  window  ihntter,  in 
iriiich  ia  ^f^actA  a  cmvex  leni  of  ahont  two  feet  focal  length.  A  dieet 
of  wUte  pap^  ia  placed  verticall  j  behind  the  lou,  it  ita  focua,  and  then 
an  aetniBte  pactme  of  all  tbe  <A^jecta  seen  fitHn  the  window  will  be  de- 
picted npoo  the  Eorface  of  the  paper,  which  dclighls  and  surpriaea  erery 
paaoD  that  Iieholda  it.  In  order  to  obtain  a  pofect  picturCi  the  gnmnd 
m  which  it  ia  tecciTed  shonid  be  hollow, 
■nd  ■  portion  of  the  sphere  whoee  radius  ia 
the  focal  distance  of  tbe  lens  ;  it  ia  custom- 
Bty,  tbocfiire,  to  make  this  gnnmd  of  plas- 

In  order  to  enable  a  pereon  to  copy  this 
{acture,  it  diould  be  rec^vcd  upon  a  hoii- 
loital  sheet  of  paper.  This  is  rcndily  ef- 
fected by  means  of  a  plane  mirror  C  D, 
(ne  Fig.  59,)  placed  at  an  angle  of  46°,  to 
rdect  tbe  lays  down  npoD  the  lens  A  B, 
winch  throws  down  tbe  picture  upon  the 
Itfiaootal  table  E  P  placed  in  the  (bcus  of 
die  lois.  Tbe  dnmghtsman  introduces  his 
brad  tlmugli  an  opening  made  in  one  mde 
of  the  frame,  and  his  hand,  holding  the  pencil,  through  another  opening, 
one  bong  token  that  no  light  is  allowed  to  fall  upon  tbe  picture.  Tbe 
nof  the  camera  otMCura  to  photi^^pby  has  rendered  it  cue  <rf 
It  useful  optical  ii 


Fig.  69. 


HAOIC   LAKTERN. 


41.  Hie  magic  lantan  is  an  obvious  application  of  a  microacope.  L 
(Pig.  eo>  ia  a  powwfal  lamp  in  the  focus  of  a  coware  minor  M  N, 
^■oed  in  a  dark  lantern ;  A  B  ia  a  fixed  tube  containing  a  hemispherical 
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iUumlnnting  lens  A,  and  a  cootcs  kfi«  B ;  C  D  u  «n  opming  betaiB 
the  leases  A  and  fi,  Ibr  Kcdving  the  ilidcn  on  wliieli  the  piefemH  Me 


Fig,  60. 


punted  with  highly  rolored  tnntparcnt  varnish.  TV  light  of  the  lamp 
ia  rc&urtfd  by  the  mirror  M  N  upon  the  Icna  A>  which  fiirther  amccn- 
tiatc)  the  light  upon  the  jrictuie  on  the  slider ;  and  Chia  [sctiire  ii 
thramt,  Tcry  much  enlarged,  upon  the  screen  E  F,  placed  in  the  fbciH 
of  the  lens,  'llie  lens  11  is  Used  in  a  Klidin;;  tube,  m  that  by  pulling  it 
out  or  jniahiiig  it  in,  u  distinct  picture  of  the  object,  on  the  slider,  miy 
be  formed,  of  ony  siie,  within  certain  lirails,  upon  tlic  Bcrcen  E  P, 

The  tiilnr  mlernicapn  is  merely  a  lun^  lantern,  where  the  light  of  the 
eun  is  Eubs'ituted  fur  the  light  of  the  lamp. 

TTie   Stereoscope. 

42.  VTtica  wo  view  any  solid  object,  such  as  n  statue,  with  both  tjts, 
each  rye  sees  the  olijci-t  dillcrently,  and  two  disfiniilar  {ncturcs  of  ilia 
oliject  are  pointed  on  the  retina*.  Hut  each  two  corresponillng  points  of 
the  two  pictuna  arc  depicted  at  the  mmc  plikce  on  the  optic  ntrve,  m 
that  Uie  eyes,  uniting  each  pair  of  points  in  suc^auon,  give  the  hiain 
the  imprtuRiiin  of  a  solid.  Now,  by  inverting  this  procoe,  that  ia,  bj 
tiiakiiig  two  pictures  of  a  soUd,  as  seen  by  each  eye,  nnd  uniting  them 
upon  the  rclinip  by  sinunting,  bo  Ihot  the  one  yiicture  may,  aa  it  woe,  he 
laid  upon  the  other,  the  combined  pictures  will  give  to  the  mind  the 
imprciirion  of  a.  solid,  seen  exactly  as  in  nature.  This  forms  the  ])dDci- 
plo  of  the  stereoscope. 

liretcslBr't  Sltreo^cope.  —  This  instrument  is  represented  in  Tig.  SI. 
A  ond  B  are  two  eye  tnbos,  contnining  each  ■  semi-lens,  with  their 
curved  rides  turned  towards  each  other,  so  thot  bj-  looking  through  their 
edpcixi,  o!;jn:ta  in  their  focus  arc  so  refracted  that  the  ouc  [uctuic  can  ba 
placed  above  the  olher. 

If  we  now  placo  the  annexed  drawings  of  a  nx-idded  pjtamid  A  and 


LIOBT  AKD  BEAT.  167 

B  fa  tlwbatban  of  tha  box  b7  sliding  theni  in  at  C  D,  and  look  into  the 
t,  irtUt  tbe  nght  eTeatAaadtbelidtUB,  va  tball  lea  a 


nKd  pymimd  with  its  apwt  Tiling  to  the  cyp.     If  the  two  figures  had 
bMn  nnitGd  by  squintiiig,  they  would  have  produced  k  hollow  pyramid. 


HcM  the  left  hand  drawing  '»  the  ripw  which  the  pyramid  would 
plaent  to  the  left  eye,  and  the  right  hand  drawing  the  -view  which  the 
pymnid  would  prrscnt  to  the  right  eye.  Any  solid  object  may  be 
tRtfed  in  the  same  manner. 

PHENOMENA  OF  COLOR. 

48.   A  ray  of  solar  light  is  formed  by  the  nnion  of  aeren 

different  colored  rays.     This  may  be  proved  analytically  as 

well  M  aynthetically— analytically  by  transmitting  a  ray  of 
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white  light  through  a  glass  prism,  when  it  becomes  resbhred 
into  seven  different  colored  pencils  of  light,  which  have  been 
called  tbe  prismatic  colors;  and  synthetically,  by  showing 
that  white  or  colorless  light  is  produced  by  the  union  of  the 
different  colored  pencils  of  light 

Some  titnsparent  bodies  only  transmit  certain  colored  partioos  of 
light,  as,  for  example,  common  bottle  glass  only  transmits  the  green  nyt 
of  light ;  blue  glass  only  transmits  the  blue  rays ;  and  so  on. 

Nature  presents  us  yvith  a  magnificent  analysis  of  solar  light  in  the 
rainbow,  where  the  seven  prismatic  colors  may  be  distinctly  seen. 

The  surfaces  of  bodies  decompose  light  by  reflection.  The  siuftoe  of 
a  rose  leaf  reflects  the  red  light,  and  absorbs  all  the  other  colored  raji ; 
the  surface  of  gold  reflects  the  yellow  light,  and  absorbs  all  the  other 
colored  rays ;  and  so  on.  Thus  the  many-colored  tints  which  we  see  in 
the  objects  around  us  are  familiar  examples  of  the  analyaia  of  light. 


THE   SOLAR   SPECTRUM. 

44.  Newton  first  decomposed  solar  light  by  means  of  a 
solid  piece  of  glass  bounded  by  three  plane  surfaces,  and 
commonly  called  the  prism.  The  success  of  this  experiment 
depended  upon  the  fact,  that  the  primary  or  simple  rays,  of 
which  pure  white  light  is  composed,  possess  different  d^;ree8 
of  refrangibility.  He  conducted  the  experiment  in  the  fol- 
lowing manner :  — 

A  sunbeam  S  H  is  admitted  into  a  dark  room  through  a  hole  H  made 
in  a  window  shutter  £  F ;  a  prism  A  B  C  is  inteipoaed  so  that  the  raj 


VioM 
Jntiigo 
Jilue 
Green 
YtVow 
OrwuM 
Bed 
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dull  {MM  obliqud  J  thnnigh  tiro  faces,  and  be  rcfnetcd  b;  botb.  Ths 
n&3CU(l  ray  is  received  upon  a  ehLvt  of  while  paper  M  N,  and,  instead 
of  •  qiot  of  irtutc  ligtit,  there  19  formed  upon  the  poper  on  oljlong  col- 
wed  aarlbcc  K  L,  composed  of  the  seven  primary  tints,  colled  the  jiris- 
wofjE  or  totor  tpectiTim,  oa  shown  in  Fig-  G4. 

These  different  colored  rays  do  not  admit  of  any  fuithcr  nnalyrii;  hut 
€D  canuDg  lliem  all  to  be  united,  the  sercn  colors  disappear,  and  vhito 
lisht  is  DSoin  formed.  While  light,  tbcrdbre,  is  a  mixture  of  seven  pii- 
nurr  raya  of  different  colors,  ^  red,  oraaje,  ytUoa,  green,  bbie,  indigo, 
■sd  tiolci.  The  Mpanliou  of  these  primary  or  simple  rays  from  one 
■MCber,  depmds  upon  a  diffeiiTnce  in  their  Tcfnmgibility  in  passing 
thnweli  the  prism ;  thus  the  violet  ray  is  most  refracted,  and  the  red 
t^  ii  the  least  nrfractcd. 

4o.  Tlie  differtnt  portions  of  tlic  solar  ppeclrnm  have 
thnc  distinct  properties,  in  relation  to  light,  hral,  and  ehemi- 
eal  aclioit.  Tlic  mo^t  liiminotis  f oriion  is  at  the  midOle  of 
thu  jullow  liglii,  the  itio-t  litaliiig  at  and  beyond  the  red,  and 
the  gre:it<;st  clK^micul  iiileii:~ity  id  found  to  lie  between  the 
Tiolot  and  indigo. 

Fig.  GJ  cxhibilB  thae  relative  intensities  by  three  curved  line?,  one 
ilwirijig  the  curve  of  luminous  inlemii'j,  another  the  heating  or  thi-mnil 


fnUsitity,  and  the  third  the  chemical  intrauity,  or  the  pomr  which  light 
hai  in  dfccting  chemical  changes. 

4S.  Brewster  consiilers  llial  white  solar  light  is  composed 
of  only  three  primary  rnjs,  vi^.,  red,  yellow,  and  blue;  for 
the  ndmixlure  of  these  three  colored  rays  will  produce  white 
lislit,  ai  shown  in  Fig.  66.  These  iiru  called  lh«  three  fun- 
dament^il  colors. 

Each  of  the  seven  prismatic  rays  haa  eome  other  colored 
15 
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ray,  called  its  comptemtntary  ray,  with  ivlii^  if  it  bt  A 
binei],  white  light  will  be  produced. 

Fig.  88  shows  the  Ihroo  fundamental  colora,  red,  jellow,  and  li 
overlapping  coch  olhtt".     "Where  all  thice  orerl^  o 
is  produced ;  where  the  j-cllow  and  blue 
overlaps  gn?en  i^  produced,  and,  therefon^ 
green  an<l  red  will  proJuce  white  light, 
ra  that  ftrecii  and  red  are  complementary ; 
and  ta  on  to  oUiei  ease]  which  may  be 
readily  cited    from   the   TCprcsentat 
gi«ea  in  the  tlgurc.    Orange,  violet,  and 
green,  according  to  Brewster,  ore  called 
Eccondury  colom;  while  red,  yellow,  and 
blue,  arc  the  only  primary  colors;  and 
the  indigo  of  Newton's  spectrum  is  sup- 
posed to  lie  between  ilie  ahadcs  of  the 
violet  and  the  blue. 


THE   UAISBOW. 

47.  The  brilliantoolors  of  den- drops,  produced  bylbezeftwh 
tion  of  tlic  Eunbeamii,  form  a  suliject  of  interest  to  every  per- 
sou.  Tiie  beautiful  arcli  of  ihc  rainbow,  d(;pcnding  upon  the  ' 
Euine  cause,  is  not  less  a  matter  of  interest  to  even  the  most 
tincducateil  observer.  The  formation  of  the  rainbow  may  be 
readily  explained  on  the  principle  of  prismatic  refraction  and 

The  dnipa  of  rain  decompose  the  mn's  light  in  the  Hmc  manner  m 
the  prism  of  glass.     Let  D  represent  a  drop  of  rain,  (Ge«  F^.  67  :)  "  h 
a  tny  of  light  falling  upon  the  drop,  is  refracted  in  the 
diiwtion  b  c;  it  is  then  reflected  in  the  direction  c  d, 
and  upon  passing  out  of  the  drop  at  d  it  undergoes  the 
prismatic  dis[)e!^ion :  the  red  my,  bdng  the  least  re- 
fracted, takes  the  lowest  direction  d  r,  and,  the  violet 
ray,  being  the  mcst  rdracted.  takes  the  highest  diicc-    , 
lioD  d  V ;  hence  arise  the  prismatic  colors.    Now,  in 
Pig.  GS,  let  D  represent  the  same  drop,  and  D'  another         Fiff.  67. 
drop  a  little  below  the  first ;  then  the  same  piinnatic 
colors  will  be  produced  by  this  second  drop,  and  at  some  point  o  tba 
Kd  ny  of  the  first  drop  ivill  meet  the  violet  ray  of  the  •eoood  drap; 
end  a  ^wtator,  with  liit  ayo  at  o,  will  see  ttw  nd  i^&m  4ht  fine 
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^ap  and  tLe  wlet  ta;  bom  tlie  Kcond  drop,  and  from  the  dn>p«  tying 
»  he  will  ace  the  inttnnediate  prinnatic  ndon, 


/V>.  68. 


nd  tteidiiR  between  it  md  ^  he  will  mc  a  complRe  speetnun.  Now, 
let  *  ■  fap  ■  ttnoght  line  pa^n|;  thiougb  the  centre  of  the  Bun  tind  the 
rrt  of  the  obacrvcr  at  a,  which  will  of  ooune  be  paraSel  to  the  mrH  inci- 
dat  upon  the  drops.  Conceive  the  angles  do  «  and  d'  outabc  turned 
•bout  o  H  as  an  axis :  thai  the  drops  D  and  D'  vill  nrvnlvc  in  h  circle, 
■nd  within  this  circle  all  the  prismatic  colon  will  obviously  Ixf  amnged 
fa  the  ismc  ordg  as  that  which  wc  have  just  dcsctibcd  i  hcnec  the  pns- 
BUSie  colon  will  appear  to  airango  themselves  in  this  aich,  which  is 
eaUetl  the  primnry  minbow. 

The  secondary  rainbow  ia  ti  fluntcr   arch,   fre-  "^^jvS^x 

qucntlv  lying  exterior  to  the  primnry  one.  The  for-  ■'^v^-;Sq^''  I  1 
mation   of  this  secondary  nrch  may  bo  oiplained  ?/<J,^'^N|/ 

exactly  in  the  same  manner,  wilh  this  exception,     //     ..-''"■' 
dut  the   refracted  light  undergoes  two  reflections 
within  the  drop  in  the  place  of  one,  as  shown  in  Figs. 


Fig.m. 


USCSUAL  REFRACTION  OF  LIGHT,  AXD  ATMOSPHERIC 
PHENOMENA  DEPENDING  UPON  IT. 

KCntACTtON    OF  A   n.JJITI    OP   TAHTISG   DESSITT. 

48.  Into  ■  square  vial  (Fig.  70)  poar  Mmo  clear  sirup,  and  above  pour 
Mne  ekv  wstat,  which  will  gradually  mix  with  the  nnip ;  hdd  a  catd, 
widi  the  mnd  mvp  writtAi  on  it,  in  an  erect  paatan,  behind  the  vial ; 
~~  ^ptB,  in  ilB  oeet  pcaition,  when  seen  dmra^  du 


Fig.  70. 


pure  mip,  bat  it  will  appcw  inTcrted  when  seen  thrmgh  tb*  nixtBi 
of  dnip  and  water.  A  umilar  phcnomoion  will  be  produced  bj  ponrini 
■pints  of  wine  upfti  the  water,  ta  abown  in  the  figure. 

This  sunple  cxpcrimoit  wiE  enable  iu  to  account  for  Ecme  coiiaw 
euea  of  unusual  atmospheric  refraction,  ca*  miragt. 

Sometinics  two  distinct  images  of  a  ship,  whow  topmast  A  only  ti  Mm 
oboTo  tbq  horizon,  will  in  cotaiii  Btatea  of  the  atnuvphero  appear  in  tbi 
air  as  represented  in  Fig.  71,  where  one  image  C  is  erect,  and  the  othd 
B  ia  inverted. 

In  order  to  account  Sv  tbcae  appearance^  let  &  P  (Fig,  72)  miiaiit 


the  ol^ect ;  E  the  eye  of  the  obecmr;  p  and  ^  tbt  imoga  seen  is  tha 
«ir.  Kow,  the  coldnen  of  the  sea  may  caiue  the  air  H  the  level  •  to  be 
raj niMh  dcnter  than  tha  lii  «l  ttw  tefdewd:  taitUaaaM^flnm- 
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IractiTc  pinrcT  at  e  or  rf  will  be  miu-b  Urn  than  at  a ,-  the  ct 
tliis  L-,  thsr  ra^a  S  d  P  e  which,  under  a  unifunn  etataif  density  of  the 
air,  novtr  would  reach  the  eye  at  B,  will  be  bent  into  the  cuire  lines 
S  d  E.  P  c  B,  in  pasting  from  the  rare  to  the  dense  medium  ;  and  if  the 
dilTirenrc  of  dcimtj  is  such  that  the  higher  lays  S  d  cnas  the  lower  lays 
P  c  at  any  point  X,  then  the  higher  raya  wi^  he  wen  in  the  direction  E  i, 
(where  K  i  fonm  a  tangent  to  the  curre  S  d  f  £  at  the  pcunt  £,)  and  the 
lower  nijra  in  the  direction  E /i ;  and  tlvi*  the  image  of  the  ship  will  be 
•sen  iuvirled  in  the  oir.  In'  like  manner  the  raya  S  »,  P  m,  may  be  re- 
fracted to  meet  the  eye  E  without  mMing  each  othv ;  then  the  higher 
raya  S  n  E  will  he  teen  in  the  direction  E  >',  and  the  lowfT  tays  P  m  B 
will  be  teen  in  the  direetioD  E  p'.  and  thus  the  image  of  the  ship,  in  this 
ease,  wiU  be  lecn  in  its  erect  position  p'  ■'.  The  state  of  the  ait  may  be 
tuch  aa  to  ezhihit  ooly  one  of  thctc  images. 

49.  The  subject  of  /lalot  maj  be  ranked  amongst  the  opti- 
cal phenomena  of  (he  atmosphere.  The  nume  halo  is  given 
to  all  lho:ie  luminous  appearances  which  are  seen  surrounding 
the  sun  or  the  moon. 

One  of  the  mart  common  phenomoia  of  thii  lund  is  the  dtTeigmce 
of  the  tolar  beams,  represented  ui  Fig  73 


Fj  73 


This  phenomenon  frequently  occurs  in  summer,  when  the  sun  is  near 
the  horiznn.    It  is  caused  by  certain  portions  of  the  Kun's  beams  radiat- 
ing through  the  opening)  of  the  tuiroundirg  clouds  while  other  portions 
cf  lii*  beams  are  obatructed  by  the  denser  pans  of  the  douda. 
15* 
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9  DOUBLE  BEFRACTION. 

50.  Some  crystals  possess  tlie  curious  property  of  doMi 
refraction  —  that  is,  of  making  oue  object  appear  double. 

TbB  most  common  crystal  of  this  kind  is  Iceland  spari  which  usuaQj 
bag  the  ahape  of  a  solid  rhumb,  or  six-sided  paralklopiped  A  B  B  C  !!^ 
repreKnted  in  Hg.  74. 

Place  a  rhomb  of  Iceland  sp^ 
over  a  black  line  M  N  draiiiii  upon 
a  fihect  of  paper ;  look  at  this  line 
through  the  upper  surface  of  the 
crystal  with  the  eye  at  R:  then 
the  line  M  N  will  probably  appear 
double ;  if  it  docs  uot  at  the  first 
trial,  turn  the  crptal  round  until 
you  distinctly  sec  two  blacK  lines 
in  the  place  of  one. 

Place  a  black  spot  at  O,  or  prick 
a  pin  hole  in  the  paper ;  the  spot  will  appear  double,  at  at  O  and  B;  turn 
the  crystal  round,  and  the  tViX)  images  will  be  seen  apart  from  eadi  oliher : 
the  one  £  ^-ill  ajipear  to  revolve  round  the  other  O.  The  ray  O  r  is 
called  the  orduiary  ray  of  refraction,  and  £  r  the  extraordinary  one. 

The  ray  of  light,  after  separation  into  two  distinct  pencils  in  this  man- 
ner, is  said  to  be  polarized.  These  polarized  rays  poesess  certain  peculisr 
properties,  which  distinguish  them  from  the  ordinary  rays  of  light. 


POLARIZED  LIGHT. 

51.   Light  la  polarized  by  reflection* 

Let  A  B  and  C  D  be  two  plane  glass  mirvon,  baTing  their  backs  coated 
with  black  varnish,  and  being  seen  edgewise.  Let  a  ray  of  light  R  P 
fall  upon  the  mirror  A  B,  making  the  angle  of  incidence  54^  35',  and 
suppose  that,  after  being  reflected  in  the  direction  P  Q,  it  falls  upon 
the  mirror  C  D,  at  the  same  anf^lc  of  incidence.  If  the  mirror  C  D  is 
so  situated  that  the  plane  of  incidence  P  Q  S  coincides  with  the  plane 
of  incidence  R  P  Q,  most  of  the  light  will  be  reflected  in  the  direction 
Q  S.*  But  if  the  mirror  C  D  be  made  to  revolve  on  P  Q  as  an  axis, 
being  kept  always  at  the  same  angle  with  P  Q,  the  amount  of  light 

*  A  plane  passing  through  the  incident  ray  and  perpendicnUr  to  the  mii^ 
ror,  wiU  also  pass  through  the  reflected  ray,  and  is  ealled  the  pisam  iff  inei' 
deme^  and  r^/kcUon^  or  nmply  the  plan*  of  ineUUtnc*. 


uanx  um  eeat; 


Fig.  IS. 


.   Fig,  TS,  bit. 


sidected  graduaUj  (Umimihfs,  ao  that,  when  the  miiror  has  rerolTcd 
90"<  sod  when,  coniequcntlf,  the  plane  of  incidence  P  Q  S  ia  at  right 
in  gift  lo  the  plane  of  incidence  K  P  Q,  the  light  abnott  entirely  ccaaca 
Is  br.  or  is  Dot  et  all,  reflected.  The  Tay  P  Q  is  said  tohc  palarizedhj 
reflection  fiom  the  mirror  A  S,  because  the  different  sides  of  it  aeeni 
to  have  (Uffcrent  properties,  coircsponding  to  the  polarity  of  a  ningnct. 
The  polariiini;  angle  cf  incidOiiCC  for  glass  is  BbOBt  S4°  Uu' ;  that  for 
water  about  oS-'. 

By  continuing  the  revolution,  the  light  reflected  increases,  until, 
when  the  mirror  shall  have  revolved  180°,  and  cuincs  ijito  the  position 
C  V,  Fig.  75  bis,  in  which  position  the  planes  o[  incidence  again 
coincide,  ibc  light  will  be  almost  all  reflettciJ  as  at  lirst.  If  the  rev- 
olution be  continued  from  the  portion  C  D'  around  tu  the  original 
pMition  C  D,  the  tame  phenomena  will  be  repeated.  Ilt.'nec,  when 
the  second  niiiror  tends  to  reflect  the  light  in  the  same  plane  in  which 
the  firet  mirror  reflects  it,  the  light  is  rt^ceted  as  usual ;  but  when  the 
fccond  miiTor  tends  tci  ledcct  the  light  in  a  plane  at  right  angles  to  that 
in  which  the  first  mirror  reflects  it,  the  light  almost  or  quite  ceases  to 
fc«  teSected  by  the  second  mirror. 

92.  Fig.  76  represents  an  instrument  constructed  on  the  principle  just 
ajjained.     C  D  and  D  Ci  are  brass  tubes,  the  one  capable  of  sliding 


Fig.  7C. 


■nd  ttmiing  within  the  other ;  A  and  B  are  the  glnn  mimjra  fixed  to 
dN  t««  tube*  at  the  poluiiing  angles ;  B  r  an  incident  roy  of  common 
■gbt ;  r  I  the  line  of  in  ndection  from  the  minor  A  through  the  tube; 
gB  the  line  cf  r^ectkm  fiiom  the  mirror  B ;  then,  whw  ttve  Wm'Q  Q 
tl  J0  that  the  plane  of  the  miliar  B  is  *t  ngbt  vt^t^  ^ 
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:i;  r.  ■!;;  tli-  ]«'WU-.I  r:iy-  (1  1':  kok  in  the  dircMt.^  EP,  aad 
i'l  11  r  iv"  i!i  ■  (I  i;].  r.i'i  ■■lur  l:':li!r:l  np  with  tlio  mo*!  s^ilndij 
,::i  ,■-■  .,:!■■.  lull}-  if  t!;i- 1  li,i-.' el' mica  vaiw  i-1  its  ihickn'.-<i!>.  Tnin 
.'-■:;  ii  ■..A.  ;i;iil  tliv-i^il-ri  v.iil  ii-i-s  limmali  oU  therha-.15.sof  ft) 
■X..-  !'.-i\.'.  A  ;i;ai':.r  cj:.:!  will  l.c  iTOduccil  by  turning  th9i> 
' '.-  I ,  i!  m'.i:.d  iqniii  H  V  ti'-  ill  axii. 
:  2.  I:i  ilk-.'  iii;i;iin.T,  fLiLf  .1  jiio.-c  of  f[la-?,  to  irhith 
;?lIi■.l..■^:l1l■■t^llo,ha'!  Icja  givci  liv  npidlf  cooling  it, 
.:i  th.-rijlt  Jiir::  i;i.;i  the  ;;1u^  irill  prNc^iI  a  bril-  l-^  j- 
.ikI  vyi:ii.i',.ii  itl  llaiirt  liaviii^  tlK»  n]>p:»iaiiK>  rep-  y^_^* 
li  i:i   i";.  77.     'lul!!  tlic  miitix  abed  nnimt  on  p,-.,^  7- 

.'!::i  ■.:•.■■■,  11..;']  ii  ii-.-iiiii:'  [uralM  ti>  th?otli>.'r  niir- 
I'.CiJ;  IN  .1  111' iiii.^il  lit^iii'i.' I'T  tll^  cryrtolliii? 
v:;i  !."ii;ii!'  ijii.itliir  |",T(V^t  Iflmi,  whith  i*  rqire- 
I  ill  F.;;.  7-',  til'  I'lln:'  ii  the  ii:ic  litius  comphin^.it- 
:o  »ho3u  ill  the  otliDi 
These  ctVuMilinp  pifrSLS  nf  gloss  may  be  pol  at  nnyphil- 
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thse  no  eight  jiatta,  the  incident  angle  »  iibaat  79° ;  and 
thoe  *re  tiraity-fam  pUtis,  the  inddeiit  nnglc  u  abcmt  60°, 

■,  since  a  bundlo  of  gka  plates  actt  upon  light  in  the  uune.nuoi' 
the  polaiiiiDs  rcSectoR  used  in  the  appanmw.  Figs.  73  and  78, 
J  ntatitiite  two  bnndlo  of  gUs  platea  in  the  place  of  the  two 
IS.    Thua,  let  A  and  B  be  the 

ndlcaof  poluizUig  plates;  Hr  *■  ^ 

idsit  raj  ;  then  1 1  will  be  tlu) 

cd  lay,  which  will  pan  through  

*dte  B  wbai  it  ii  placed  as  in  j^.  go. 

■m,  nd  no  light  will  be  re- 

:  bat  when  it  is  turned  lound,  the  light  v  ta  tmumitted  through 

psduall]!  diminith,  and  more  and  more  light  will  be  reflected,  till 

turned  nnind  on  angle  of  90*> :  then  there  will  be  no  lighi  tnnS' 

—  it  will  be  entirdj-  reficeted. 

onducting  many  cxperimenb',  a  bundle  of  glo.'s  plates  may  bo 

ogcoutlj-  usfil  in  the  place  of  the  reflector  a  i  c  rf  of  the  oppara- 

rescntcd  in  Fij.  75. 

FoIarUrd  Light.  —  According  to  the  corpuNTilai  theory,  a  beam 

mon  light  has  two  polar  axes,  A  B  and  C  D,  Fig.  81,  so  that  all 


F<j.  81, 

(  hare  the  Eame  properties ;  but  when  this  beam  ia  polatixed,  it  it 
ed  into  two  circular  beams,  A'  B'  and  C  D',  with  only  one 
lit  each,  which  are  at  right  angles  to  each  other,  lo  that  tbor 
are  different  properties. 


Tlie  sense  of  touch  b  affected  by  hent,  ns  our  sense  of 
ig  ia  by  sound,  or  our  sense  of  sight  by  light.  Heat  is 
r  the  most  important  agents  connected  with  animal  and 
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vegetable  life ;  it  also  performs  a  distingaished  part  in  aQ  diB  f" 
changes  continually  going  on  in  the  external  world.  ^ 

Free  or  sensible  heat  tends  to  diffuse  itself  equaHj  among  \ 
nil  surrounding  bodies.  The  amoaut  of  sensible  beat  in  loj 
body  is  called  its  temperature.  That  heat  which  ejdsti  ia  a 
body,  and  which  is  not  sensible  to  the  touch,  but  which  is,  ifc 
the  same  time,  essential  to  the  peculiar  form  in  which  the 
body  exists,  is  called  latent  heat. 

The  word  caloric  is  used  to  express  the  substance  of  heat| 
in  order  to  distinguish  it  from  the  sensation  of  heaL  Wtt 
experience  the  sensation  of  heat  when  there  is  an  increaae  of 
temperature,  and  that  of  cold  when  there  ia  a  decreaae  of 
temperature.  The  sensation  of  cold  is  excited  when  a  poftioa 
of  our  caloric  is  taken  from  us,  and  that  of  heat  when  a  por* 
tion  of  caloric  is  transmitted  to  us. 

Caloric,  or  the  matter  of  heat,  is  subject  to  the  same  lawi 
of  radiation;  reflection,  and  refraction  as  light.  Heat  pro- 
duces many  chemical  changes ;  it  also  tends  to  destroy  the 
cohesion  of  the  particles  composing  a  body,  and  thus  produces 
a  change  in  the  form  of  bodies ;  thus,  at  a  certain  low  tem- 
perature liquid  water  becomes  solid  ice,  and  at  a  certain  high 
temperature  it  boils  and  piisses  into  the  state  of  vapor  (X 
steam.  One  of  the  most  striking  effects  of  heat  is,  that  it 
causes  all  bodies  to  expand  —  that  is,  to  increase  in  volume 
or  bulk. 

EASY   COURSE    OF   EXPERIMENTS,   WITH   SISIPLE  FBINCIPLES 

DERIVED    FROM   THEM. 

5G.   Heat  expanas  liquids,  air,  and  solids. 

Erp,  1.  ITeat  expands  liquids,  —  Takp  a  comxnon  vial  bottle;  make 
a  mark  li^'ith  ink  upon  its  neck ;  fill  it  with  cold  water  up  to  this  maik ; 
plunge  the  viol  into  a  basin  of  hot  woter  :  after  a  little  time  the  water 
in  the  vial  M'ill  rLsc  considerably  above  the  mark,  thereby  showing  that 
the  heat  has  caused  the  water  in  the  vial  to  expand.  Tlie  higher  the 
temperature  of  the  water  in  the  basui  the  greater  will  be  the 
of  the  water  in  the  viaL 
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Raiment  filitnn  the  principle  upon  vhkh  the  thermometer  a 
xL  This  well-known  intittvmait  eoablcs  us  to  tell  the  tcm- 
tf  my  bod}'. 

perimeat  nay  be  perlbnncd  in  a  more  strik- 
er as  follows :  Fit  a  tonHll  glass  tube  to  the 
bottle,  n  sbowD  in  Fig.  Hli ;  fill  the  bottle 
y  with  colli  wattT.  and  Qimlr  insert  the  cock 
ube ;  plun;^  the  bottle  into  hot  watcr^  ami 
will  rapidly  rise  in  the  amall  tube. 

Iltal  txpaniU  air.  —  InTSrt  a  glass  A  otit 
>wiiig  a  little  watir  to  enter  the  glass,  as 

Fig.  83 :  pout  hot  wntcr  over  the  glaai, 
1  cause  the  uir  within  the  ghxt  to  expand, 
nipy  a  loTgcT  tpocc. 

Invert  u  small  bottle  in  cold  water,  and 
jim  »l  much  water  as  will  cause  it  to  Nnk 
torn  ;  now  ]Tour  hot  water  into  the  vewcI,  «j 
the  (cmpeiaturL- oF  t!io  air  vtilLiu  tlic  bottle  : 
wm  rise  to  tiie  surlkt. 
riutiou  of  b'.-at  in  the  BtmoKpben.'  is  the  cause 
:ii  of  ait  «ud  wintU.    Thu  hss  btcn  explained 

Pcribrm  cipcrirocnli   1   and   2,  j^vcn   at 

.   ITtal  tToaiids  an/iVt.  — Take  a    dec'anlct 

ring  a  ground  Mhiiht  ;  pluiif!-,'  the  Beck  of 

UT  int'.i  hot  water,  and  then;  k-t  it  teinnin  for  a  short  time ; 

15  it  out,  insert  the  MopjitT  gently,  sii  that  it  may  bo  eiisily 

;  allow  the  jiirk  of  the  dee.™t<.T  to  cool,  lli'.'n  try  to  raise  tho 

t  will  have  become  so  teU  fnmi  the  coiitrnctioii  of  the  plass, 

quires  tome  force  to  pull  it  out.     Here  tlie  heat  eauses  tho 

le  decanter  to  expand  ;  then,  when  the  stopitcr  ii  put  into  its 

neck  of  the  decanter,  oa  it  coob,  conlracti  uiwii  the  stopper, 

1  it  to  become  tx-^t. 

should  happen  to  beat  the  neck  of  the  decanter  po  ranch  that 

\  pull  the  stopper  out,  (a  tliinK  not  at  all  unlikely  to  happen,) 

must  get  it  out  by  the  Mme  meani  as  that  by  which  ;-ou  fas- 

I ;  that  i3,  you  must  heat  the  iictk  of  Uic  botlle,  sooa  to  cauM 

id. 


'ourets  of  Htat.  —  Besides  the  beat  derived  from  tha 
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enn,  wc  gel  Iient  fi-om  our  onllnaiy  fiirs,  la:nps  from  the  . 
irii-tioii  lUiil  cjlli-ijii  ol'  baJic-.  tVo:ii  tUcmical  iicLion.  kf. 


llam;  dqic-.iiU  ujni:!  llic  Mipply  of  nii.  Place 
cuniiiKKi  limip  gluM  (V'.rn  li^hud  (.ondlc:  Ihc 
cunillo  will  buTU  viry  Il-c'.U-,  uilcss  ycu  lairc  the 
gltM  n  lltUu  ro  a-i  la  odmit  a  cinniit  of  sir 
thnmgb  lliclulx;.  (A-)  t^lnnly  uiil  pmdudly  in- 
FCrt  a  bumin!;  t^JijiltT  of  drj-  v.oai\  iiilo  a  small 
vial  Lotllci  Iht:  ]<.riion  of  the  fjl' 
of  ths  bottle  bt'.mi,  hut  that  \rilhi»  the  viel 
nicTcly  becomes  caHj^nixcd,  bcrauic  thcic  a  not  a 
BulKticnt  quantity  of  air  to  bum  it  coniplctely. 
On  this  ptinclplo  charcoal  is  made. 

Erp.S.  /(eo(/A«i/iirtio».— Rubs 
button  uinu  n  deal  Iwnrd ;  the  bution 
■will  Hjon  IjCfonie  finite  hiii. 

r.Tp.  3.  Ilfal  fronx  toUiihil.  (n.) 
Strike  a  ppnrk  with  a.  Hint  and  a  EtccL 
(i.  1  llainmcr  a  piMC  of  iron  until  it  be- 
cono'  hot. 


a.)  '1  be  degree  of  but  cf  i 


J"jj,  85. 


i:xp.  1.  IletH/mm  clicadai'.  nrfiiii.  —  (n.)  riace  a  (mall  lit  of  phcs- 
iJionu  upon  a  dry  ileal  Loanl ;  drop  a  Email  plcee  of  icdine  upon  th* 
jiho:^]>boru9 ;  tlie  lirjiici  will  unite  sponloneouily,  and  nil!  form  o  com- 
pound of  iodine  end  phoipboTus. 

(£.>  Four  some  n'nter  upon  sulphuric  acid ;  the  mLit-iTc  irill  become 
fntcnscly  liot.  In  tbis  ca>c,  the  \-olume  of  the  iiiixturc  will  be  lew  than 
the  Kum  of  ihn  Tolume^  of  the  tn'o  liquids.  This  condensiiion  of  toI- 
uinc  ia  no  doubt  the  cau<c  of  the  development  cf  the  heat,  for  a  change 
of  volume  is  b1wo:i-s  attended  wiih  a  chtuigo  of  t^::i,U  best,  c^  a  cbanee 
ef  the  body's  ca/iaclln/or  kcai. 


58.    Good  and  Bad  Conductors  of  Heat 

Lip.  1.  I'ui  the  end  of  a  lotaceo  jiip;  into  the  fire,  snd  at  the  ume 
time  put  the  end  of  a  poker  into  tbc  fire ;  after  the  lap*c  of  a  fen-  imn- 
utc«,  touch  the  poker,  at  the  di^taviee  of  n  few  indm  from  the  beoied 
it  will  feel  ignite  lint ;  nt  the  name  moment  touch  the 
r  cf  the  tobacco  pipe,  and  it  will  Bmrrcly  fid  warm:  thu* 
■Itowing  that  iron  U,  a  much  better  conduetcr  of  heat  than  lb:  material 
compels  the  pipe. 
£17. 3.  Touch  tbo  metal  portion  of  tbo  hcadlo  <£  oa  Italian  ina  ■ 
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it  win  fed  hot ;  toach  the  wooden  portiozi  of  the  haadle,  and  it  will  fed 
camparativdv  cool ;  thereby  showing  that  iron  is  a  much  better  con- 
ductor of  heat  than  iHRid. 

Compare  the  heat  cf  the  handle  of  n  sattccpan  having  a  metal  handle, 
with  the  heat  of  the  wooden  handle  of  another  saucepan. 

Exp.  3.  Touch  the  \rooden  log  of  a  table  vnxh.  one  hand,  and  the 
brass  castor  with  the  other ;  the  one  feels  cold,  the  other  neither  hot  nor 
cold.  Here  the  metal,  being  a  good  conductor  of  heat,  conveys  the  heat 
izom  the  hand  more  rapidly  than  the  wood,  which  is  a  bad  conductor  of 
heat. 

Exp.  4.  Touch  the  hot  surfbce  of  a  teapp^  through  a  pece  of  paper ; 
ym  scarcely  feel  the  heat :  now  touch  it  through  a  piece  of  tin  foil  or 
•beet  lead ;  you  instantly  feel  the  heat.  The  paper  is  a  bad  conductor 
q£  heat ;  but  the  tin  foil,  as  wdl  as  metals  generally,  is  a  good  conductor 
of  heati 

We  clothe  our  bodies  with  woollen  and  linen,  and  such  like  materials, 
beeausc  the>'  are  bad  conductors  of  heat. 

£171.  6.  Fill  a  common  porter  bottle  with  hot  water,  and,  after  cork- 
ing it  up,  wrap  it  in  a  dry  i)icce  of  flannel ;  the  bottle  may  remain  in 
that  rtatc  for  an  hour,  without  much  sensible  change  in  its  heat.  Here 
the  heat  is  kept  in  the  bottle  by  the  non-conducting  substance  with 
which  it  is  fiurrounded. 

Exp.  G.  Pour  some  cold  water  into  a  timiVjler ;  carefully  pour  some 
hot  water  upon  the  top  of  the  other ;  apply  your  hand  to  the  lower 
part  of  the  tumbler :  the  temperature  of  the  water  beneath  Ls  scarcely  at 
all  affected ;  thereby  showing  that  water  and  glass  arc  l)oth  bad  con- 
dueton  of  heat,  and,  moreover,  that  the  hot  water  is  lighter  than  the 
cold  water. 

Hot  water  is  spefafically  lighter  than  cold  water,  because  of  the  ex- 
pansion by  heat,  which  causes  bodies  to  become  loss  dense. 

Try  to  place  cold  water  on  the  top  of  hot  water. 

Exp,  7.   Nearly  fill  a  timiblcr  with  cold  water ;  pour  some  ether  upon 
its  surface ;  the  ether  will  float  upon  the  water :  ignite  the  ether  by 
throwing  a  small  piece  of  lighted  paper  upon  it ;  the  great  heat  at  the 
surface  of  the  water  will  not  sensibly  aficct  the  temperature  of  the  water  .^ 
«t  the  lower  portion  of  the  tumbler. 

Exp.  8.  Take  two  piccc-s  of  small  wire,  of  exactly  the  samo  length 
and  thickness,  the  one  being  copper  wire,  and  the  other  iron  or  steel 
wire ;  hold  one  in  each  hand,  and  insert  their  extremities  into  the  fiamo 
of  a  candle ;  you  yviYL  find  that  the  heat  will  pass  along  the  copper  tvttq. 
eoaush  more  rapidly  than  it  %vill  pass  along  the  iron  wire,  fbr  the  ooor* 
ducting  power  of  copper  is  more  than  doublo  that  of  iron* 

16 


182  NATL'UAL   AND   EXPEaiMENTAL   PUILOSOPHT. 

59.    Good  and  Bad  J2adiators  and  Reflectors  of  Heat, 

i:xp.  1.  riacc  a  tin  plato  and  a  ijiccc  of  bofl^^ 'U'ithixi  a  foot  and  a 
hall'  of  n  giMxl  tire ;  alter  a  ftw  minutes,  the  sur&cc  of  the  deal  board 
will  feci  quite  liut,  but  the  tcinpeiature  of  the  tiii  will  scarcely  at  all  bi 
altered.  "What  is  the  cau.^»  of  this  remarkable  effect  ?  Wood  is  a  bad 
reliector  of  heat,  and  therefore  it  absorbs  nearly  all  the  heat  which  falls 
upon  it ;  on  tlic  other  h«ind,  tin  plate  is  an  excellent  reflector  of  heat, 
and  therefore  nearly  all  the  rays  of  heat  which  fall  upon  its  surface  an 
reflected  from  it. 

Exp,  2.  Obser\'e,  when  the  sun  is  fluning.  that  the  panes  of  the  win- 
dow never  become  wann,  while  the  wooden  bars  become  hot. 

Exp,  3.  IXold  a  tin  plute,  in  an  inclined  portion,  a  few  feet  before  a 
good  dre ;  receive  the  rcticcted  heat  upon  the  hand ;  you  will  fed  a  de- 
cided increase  of  temperature. 

Exp,  4.  Try  the  same  experiment  with  a  deal  board,  or  'with  a  rough 
plate. 

Exp,  3.  Take  a  clean  moriil  teapot,  and  a  common  earthen  ware  one ; 
fill  them  lx)th  with  hot  water ;  allow  them  to  stand  fur  about  a  quarter 
of  on  hour ;  dip  your  hand  into  the  water  of  each ;  the  water  in  the 
metal  tea|)ot  feels  much  warmer  then  that  which  is  in  the  earthen  ware 
one.     \Vhv  :     Simplv  because  the  earthen  v»"arc  vessel  is  a  much  better 

■  mm 

rtidiiifur  of  heat  tha:i  thj  metal  one. 

TI'.p  principle  wliicli  regulates  the  j)Ower  of  radiiiting  sur- 
faces is  this :  T/tf  bcsi  rcjlcctors  are  fftc  worst  radiators. 
Thus,  bright  polished  surfaces,  (other  things  being  the  same,) 
which  are  the  bc<t  rollcctors,  are  the  worst  radiators;  and 
rougli,  black  surfaces,  A\hicii  are  the  worst  reflectors,  are  the 
best  nidiators.  Lad  reflectors  either  transmit  or  absorb  the 
heat  which  falls  upon  them. 

Exp,  G.  Cover  half  of  one  side  of  a  piece  of  glass  with  tin  foil ;  hold 
the  covered  side  next  to  a  pixnl  lire ;  place  your  luuid  on  the  other  aide ; 
no  lieat  will  be  felt  on  th.it  pan  of  the  glass  wliich  is  behind  the  tin  foil, 
but  a  sensible  temperature  will  be  felt  behind  the  other  portion :  here 
the  tin  foil  reHeets  all  the  heat,  and  the  glass  transmits  a  portion  of  heat 
through  it. 

Xow  blacken  the  uncovered  portion  of  the  glass  with  soot,  and  a  still 
greatiT  diircrenec  of  licat  will  be  oljscTved.  In  this  case,  the  {oot  ab- 
sorbs all  tlie  heat  which  falls  uxxjii  it,  and  becoming  thereby  heotod« 
radiates  this  lieat  to  the  hand. 

Exp,  7,  Envelop  t"w"o  tumblers  with  paper,  one  with  black  paper,  the 
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Other  with  iQver  popcr ;  partly  fill  the  tumblers  \i'ith  uratcr,  &n  expose 
them  to  the  heat  of  the  sun ;  after  the  lapeiic  of  a  few  minutes,  ascertain 
the  tempcxature  of  the  water  in  the  tumblen>,  by  means  of  a  thermom- 
et^;  the  water  in  the  tumbler  with  the  black  paper  'Mill  be  found  to  be 
much  warmer  than  the  water  in  the  other.  Hero,  the  black  paper  ab- 
iflriiB  th«  hoatt  while  the  silver  paper  refiects  it. 

Kerersc  the  form  of  this  experiment  by  filling  the  tumblers  \%ith  hot 
water ;  after  the  lapse  of  a  few  minutes,  the  water  in  the  tumbler  with 
the  black  piper  will  be  found  to  be  much  cooler  than  the  water  in  the 
other. 

He»  the  black  pq;»er  radiates  the  heat  much  more  rapidly  than  the 
bItct  paper. 

Exfi.  8.  Make  two  little  fire  screens,  one  of  pasteboard,  and  the  other 
of  tin  plate;  place  them  about  a  foot  before  the  fire,  and  after  a  few 
miniites  try  the  heat  which  they  transmit ;  the  air  beyond  the  paste- 
board will  be  much  wanner  than  that  which  lies  beyond  the  tin 
plate. 

60.  Heat  changes  liquids  into  vapors,  and  cold  condenses 
these  vapors. 

Erp.  1.  \ATien  water  boils  in  the  kettle,  observe  the  steam  or  vapor 
»  it  issues  from  the  spouL 

(n)  The  vapor  is  seen  for  about  an  inch  in  front  of  the  f^ut ;  it  then 
rises  and  gradually  disappears  by  mixing  with  the  air.  The  air,  it  must 
be  observed,  can  always  absorb  or  retain  a  certain  portion  of  vnpor. 

{h)  Uold  a  cold  plate  in  frtint  of  the  steam  ;  it  is  condensed,  that  is 
to  say,  it  Is  convcrtctl  into  water  again.  In  a  phort  time  the  plate  will 
become  quite  hot,  from  the  heat  given  up  by  the  steam  on  its  return  to 
the  liquid  state,  lliis  heat  Ls  called  latent  heaft  because  the  water  after 
condensation  has  the  same  temperature  as  it  had  just  before  condensa- 
tkrti :  this  latent- heat  is  the  heat  requisite  for  maintaiiiiug  water  in  the 
state  of  steam  or  vaiwr.  "Whenever  a  body  passc-s  Irom  the  vaporous 
state  to  the  liquid  state,  or  from  the  lic^uid  state  to  tlic  Eolid,  it  must  give 
off  its  latent  heat,  and  rice  versa. 

(c)  Plimgc  the  Iwll  of  a  thermometer  into  the  rtenm ;  the  mercury 
will  rise  in  the  small  tube  until  it  arrives  at  212°,  where  it  will  remain. 
Plunge  the  ball  into  the  boiling  water;  the  mercury,  as  before,  will 
atatul  at  212°.  Water  under  ordinary  circumstances  constantly  boils  at 
a  tcmx)crature  of  212°.  What  becomes  of  all  the  heat  that  is  con- 
stantly pas»ng  from  tlic  fire  to  the  water  ?  It  remains  in  a  latent  state 
in  the  steam.  So  long  as  water  remains  in  the  kettle  there  is  no  danger 
of  it  being  destroyed  by  the  heat ;  but  the  kettle  will  soon  be  cracked 
by  the  heat  if  it  is  allowed  to  remain  on  the  fire  after  the  water  has 
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btcn  boBcd  sv^y.  Th?  trrapcraiioa  cf  Uu  water,  by  coostantlv  tb- 
KnbtDg  llu:  heal,  pnfVLnta  tic  cietal  &om  riKOg  otiOTe  ■  certain  dcgm 
ol  licat. 

{ilj  Obwrvc  tlif  violent  <a«£j:iiM,  cr  bmHng  up,  of  the  vntO',  as  tit 
fUaTik  isMim  from  iu  ftiRoco. 

Exp.  '1,  Uoil  Kimc  naUT  ui  an  c^  Ehell ;  the  erapostion  of  tli* 
water  i>tn'(3its  the  egg  bhdl  from  bdng  burned. 

In  warm,  dry  iveaiiier,  n-nier  rises  Epootaneousljr  iaia  the 
air  ;  Uiia  is  calicd  evaporation.. 

Exp.  3.  Four  a  little  wntfr  on  n  plate ;  after  a  short  time,  if  the  it- 
nuBpherc  is  m  a  dry  Etatf ,  all  the  vat^r  wUl  be  traponttd,  'Wbat  ha 
it  gone  r  It  is  absortied  ttf  the  autimuiiling  air,  which  be*  a  ceitaia 
capacity  for  retaining  moistuie;  this  capacity  incttasa  nitb  the  tem- 
perature of  the  air. 

A  drop  of  ether,  let  fall  i^on  a  plate,  will  be  Kill  more  rapidly  enp- 

Wrap  a  Lit  of  blotting  papa  round  the  ball  of  a  thcrmometa' i 
moisten  the  paper  with  water ;  in  a  short  time  the  mercury  in  the  tube 
will  loll  {  tliLTeby  showing  that  the  erapoiotuni  of  tlie  water  produL-s 

llie  effect  in  lliis  citperiment  wlU  be  more  marked  if  epirita  or  etho' 
arc  uiicd  in  the  place  of  water. 

JM  fall  a  drop  of  t^jnrits  of  wine,  or  ether,  upon  the  back  of  the  hand ; 
move  the  hund  backwards  and  forwards  j  the  lii>uid  will  be  quickly 
evaporated,  and  a  Eensation  of  cold  will  be  i9t>duced  on  that  part  of  the 
band  where  the  drop  was  placed. 

Wlien  Ihc  nir  is  cooled  down  to  a  certain  point,  it  deposits 
moisture ;  tliis  is  called  the  devi  point. 

Erp.  i.  Bring  a  cold  plate  &om  the  external  air  into  s  warm  i«om, 
where  there  Lt  a  Rood  lire ;  maiBture  will  he  instantaneously  deposited 
upon  the  plute.  Hero  the  air  iu  contact  with  the  cold  plate  depoiut* 
a  portion  of  itH  moisture.  Take  a  dry  tumbler  into  a  worm  roiim ; 
flU  the  glass  with  cold  spring  wata )  moisture  will  be  deposited  uiMm 
the  outwle  of  the  glas!. 

llic  temperature  of  the  water  just  requisite  for  farming  the  dcpositicn 
of  moistiu«  ia  called  tht  dea  point  of  the  air  in  the  apartment. 

Dew  is  fuimcd  upon  the  leaves  of  the  plants  in  a  similar  way. 

When  air  co:itains  all  the  moisture  which  it  is  capable  of  supporting, 
it  il  taid  to  he  talurattd  with  moisture.  In  damp  weather,  tlic  .lir  is 
always  aoturaled  with  moisture,  but  in  dry,  cle«  weuthcr,  tin*  air  ii 
vmally  below  this  point  of  saturation. 
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The  evaporation  of  moisture  fi-om  tlie  earth  goes  on  moi^e 
rapidly  during  warm,  dry  wralher,  tlian  in  cold,  damp  wcatlior. 
When  thii  atmos]>here  is  warm  and  dry,  the  moi.^ture  in  it  is 
perfectly  invisible ;  but  \vh<rii  the  atmosphere  uiidcrgocs  a 
great  reduction  of  temjK'rature,  the  moisture  which  is  in  it 
becomes  visible,  and  is  deposited  in  the  form  of  fog,  or  mist, 
or  dew,  and  also  in  the  form  of  rain  or  snow.  The  absolute 
quantity  of  moisture  w^hich  the  air  will  sustain  depends  solely 
upon  its  temperature  ;  but  the  process  of  evaporation  is  accel- 
erated by  the  rarefaction  of  the  air ;  that  is  to  say,  other 
things  being  the  same,  water  will  be  much  more  ra])tdly 
evaporated  in  an  atmosphere  of  low  pressure  than  in  an  at- 
mosphere of  high  pressure. 

Exp.  5.  TF  rt/rr  boils  at  a  lota  teinjx>rafurc  in  a  vacuum.  —  Half  fill  a 
fl-t^k  with  Kot  water ;  boil  the  water  until  steam  issues  from  the  mouth ; 
rciiiore  the  tla*«k  fitmi  the  llaine  and  quickly  cork 
it :  the  boilini;  immciliatcly  cca'^s.  Pour  cold 
water  over  the  upjKT  part  of  the  lia^'k ;  the  loll- 
ing iinmediatcly  bcgias  again  with  inei-eascd  vio- 
ivri-.t:. 

Here  colfl  appears  to  make  the  water  boil ;  how 
ia  thii  ?  Tlic  old  water  condenses  the  steam  in 
the  uppLT  pcrttioa  of  the  fla-^k,  and  forms  a  vacu- 
um, or  at  loa^t  a  partial  vacuum,  and  the  water 
bulla  again  Iwea'isc  it  Ls  not  subject  to  any  pressure 
upon  its  snvfacf.  This  explains  why  water  boils 
at  a  \(.-<*  tvmj)!  rature  upon  tho  tops  of  mountains 
than  it  d'xs  in  the  plain;)  or  vail t  vs. 

When  the  lid  of  a  saueqKin  i-*  kept  t lightly  down,  the  water  boils  at 
a  higher  temiicrature  than  'J  12^.  Vn  tliis:  principle  we  obtain  steam  in 
ih?  bdUcr  of  the  steam  engine  of  a  jjieat  cxpan.sive  pres.'sure. 

CI.    Cold  is  produced  when  certain  substances  meU. 

Hxp.  1.  AVhen  you  f(»rm  an  rfTiTvcseini*  draught,  oliserve  that  the 
d:iiik  i«  rtTy  c<ild.  Plnui^t^  the  bulb  of  a  thonnoineter  into  the  mixture, 
a::d  vc  u  will  find  that  the  nurenrv  will  fall  «(V(Tal  de^nvs.  Here  two 
crvftallino  suWnnccs  arc  rajndly  diss*)lv<'d  by  water;  and,  moreover, 
the  rapid  escape  of  carbonic  acid  gas  further  aids  the  reduction  of  tem- 
perature. 


Fig.  8C. 
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Compensation  Pendulums, 


8 


Fig,  88. 


i  order  that  a  pendulum  should  exactly  vibrate 

ime  time  in  winter  and  summer,  it  is  necessary 

pngth  should  not  be  altered  by  slight  Yaiiations 

rature.    Pendulums  which  are  constructed  so  as 

Tact  the  influence  of  changes  of  temperature  are 

mpensation  pendulums. 

idiran  peHdttium,  represented  in  Fig.  88,  oonsistB 

iSefent  kinds  of  metals,  connected  together  some- 

khe  form  of  a  gzidiron.    The  bob  F  is  suspended 

on  rod  P  C,  which  is  attached  to  the  two  zinc 

r  and  K  L  terminating  at  the  bottom  in  the  iron 

EDA.    Now,  under  equal  augmentations  of  heat, 

uods  about  twice  as  much  as  iron ;  hence,  if  the 

'  the  iron  rods  in  this  pendulum  be  about  double 

le  zinc  rods,  the  expansion  of  the  one  metal  would 

ounteract  the  expansion  of  the  other.    The  ex- 

rf  the  iron  rod  C  F,  as  well  as  the  expansion  of 

frame  A  D  E  B,  carries  the  bob  P  &rthcr  away 

p(uiit  of  suspension  S ;  but  the  expansion  of  the 

rods  G  F  and  L  K  brings  the  bob  F  nearer  to  the 

m  S ;  and  when  these  tw'o  expansions  arc  equal, 

nee  between  the  bob  and  the  point  of  suspension 

;he  same;  that  is,  the  length  of  the  pendulum  re- 

e  same  under  every  change  of  temperature. 

lerewrial  compensation  pendulum,  represented  in 

is  a  more  simple  contrivance  for  attaining  the 

I.    A  glass  vcfisel  B  containing  some  mercury  is 

d  from  the  pendulum  rod  A  C.     When  the  rod 

■uids,  the  distance  of  the  vessel  B  from  the  point 

ision  C  is  increased ;  but,  on  the  other  hand,  the 

1  of  the  merciury  in  the  vessel  brings  the  centre 

y  of  the  mass  nearer  to  the  point  of  suspension ;  and  the  pro- 

f  the  parts  may  be  so  adjusted  that  the  effect  of  the  expansion 

lircction  may  exactly  neutralize  the  effect  of  expansion  in  the 

direction. 

•  ■ 

TTiermometers. 

Fhese  important  instruments  arc  used  to  measure  the 
)f  temperature  to  which  bodies  are  raised.  When  very 
aperatures  are  to  be  measured,  the  instrument  is  called 


Fig,  89. 
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a  pyrotMttr.  The  change  of  volume  which  U^ea  place  in 
the  substance  employed  in  the  iDatrument  aerres  as  an  index 
to  the  degree  of  heat.  The  thet^ometcr  derives  its  nama 
from  the  particular  thermoscopjc  Gubstance  uBcd;  thus  w« 
have  the  common  mercurinl  thermometer,  the  spirit4)f-vrmc 
thermometer,, and  the  air  tlicrmometer. 

Tht  tntmiriat  lAtrmomtUr  con^sta  of  a  Bnull  glan  tube  A  C  of  vni- 
tana  bore,  to  the  end  of  which  a  bulb  B  U  blovrn ;  tbia  bulb  and  a  imall 
portion  of  the  itemarc  filled  with  quicknlTer,  and  the  open  «nd  of  tht 
tube  is  hcrmeticall]'  aealed. 

Undor  ordinary  circumstances,  water  alwaja  boils  and  ice  melts  at  ■ 
fixed  temperature  ;  this  gives  us  the  means  of  fixing  a  true  Kale  of  com- 
parison fur  all  thcrmomeleTB.  In  our  country  the  temperature  of  melt- 
ing ice  is  called  32",  and  the  boiling  temperature  of  water 
212°,  K>  that  between  these  two  points  of  thcBcalc  we  have 
180  equal  diviBiona  or  degrees,  each  equal  portion  being  the 
amount  of  cupanrion  due  to  1°  of  temperature.  To  grad- 
««te  the  thermometer,  therefore,  we  fir^t  plunge  the  bulb  into 
melting  ice,  and  place  u  mark  of  32°  at  A,  opposite  to  the 
point  at  which  the  mercury  stands  In  the  tube;  we  then 
plunge  the  bulb  into  boiling  water,  and,  in  liliG  manner, 
place  a  mark  of  212"  at  C,  opposite  to  the  point  ot  which 
the  mercury  now  stands  in  the  fclein  ;  the  distance  between 
these  two  points  A  and  C  U  then  diridcd  into  !80  equal 
parts,  each  part  being  called  a  degree,  and  the  scale  is  ex- 
tended upwards  or  downwards  accordingly. 
-  The  ipirit-of-ieine  thtnnomeUr  is  graduated  in  a  idmilar      xv^ao 

Tia  air  Ihennoinelcr,  —  Fig.  91  represents  a  common  air 
thermometer,  lloic  the  open  end  of  the  tube  d,  wilH  its  bulb 
ft  uppermost,  is  inserted  in  some  colored  Lquid,  which  is  al- 
lowed to  rise  up  a  portion  of  the  tube,  as  to  d.  When  heat  ia 
applied  to  the  bulb  b,  the  air  in  it  expands,  and  thus  dcprcuca 
the  liquid  d  ia  the  tube  ;  tiom  thc-amount  of  deprc&sian  an 
e*timato  may  be  formed  of  the  degree  of  heat  applied  to  the 
bulb.    These  instruments  arc  Kseeedingly  sensitive. 

The  dijfereoiial  t/ierBUtmeter,  TqtrGsentcd  in  Fig.  02,  consiBta     JBri--l 
of  two  glass  bulbs  a  a  containing  atmospheric   nir,  but  tlu      inT'i 
lower  one  is  partially  filled  with  a  colored  fluid  which  rises  in  J^^.  91. 
the  gloM  tube  to  the  icio  point  0.     From  this  point  the  de- 
gn^  on  the  Hale  nm  up  and  down,  a*  ifaDmi  in  the  figure.    It  mill  fat 
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Qodflntood  that  when  the  two  bulbs  are  placed  under  the  same  heat, 
as  thej  usually  axe  when  the  instrument  is  not  m  use,  the  colored  liquid 
standa  at  the  200  point  0  on  the  scale ;  but  if  the  temperature  of  the 
vppa  bulb  be  raised,  then  the  liquid  will  sink  below  this  zero  point,  and. 


Fiff.  92. 


Fig.  93. 


on  the  contrarj,  if  the  temperature  of  the  upper  bulb  be  lowered,  the 
liquid  will  rise  abore  the  zero  point ;  hence  the  instrument  has  been 
callM  the  differential  thermometer,  because  it  measures  any  minute  dif- 
ftrences  of  temperature  in  the  t^x)  bulbs. 
Fig.  93  represents  another  form  of  this  instrument. 


PROPAGATION  OF  HEAT. 

65.  The  free  caloric,  as  already  stated,  in  all  bodies,  tends 
to  a  state  of  equilibrium,  or  to  a  state  of  equality,  with  respect 
to  its  distribution.  Heat  is  propagated  by  direct  radiation,  by 
reflection,  and  by  conduction. 


RADIATION   OP   CALORIC. 

66.   Radiant  caloric,  like  light,  is  thrown  off  from  the  sur- 
fibces  of  bodies  in  all  directions  in  right  lines. 

The  intensity  of  radiant  caloric  may  be  measured  in  the  following 


Exp.  Place  the  bulb  T  (Fig.  94)  of  an  air  thermometer  near  to  a  hot 
metal  ball  M  ;  between  them  interpose  the  screen  S,  through  which  an 
qMStnre  O  is  made. 

When  the  aperture  O  is  brought  in  a  line  with  the  heated  ball  M 
nd  the  bulb  T  of  the  thermometer,  the  Uquid  instantly  descends.    By 
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Fig,  94. 

placing  the  bulb  of  the  thermometer  at  different  cUstmces  from  M,  the 
relative  intensities  of  the  radiated  heat  may  be  duly  lacertained. 

In  order  to  show  that  reflected  heat  follows  the  same  law  as  reflected 
light,  place  a  red  hot  boll  a  in  the  focus  of  the  oGncave  tin  reflector 
n  dm;  the  rays  of  caloric  ^ill  be  reflected  in  the  panllel  lines  npmtk 


Fig.  05. 

&c.,  and,  meeting  the  second  reflector  pro,  they  will  be  reflected  to  the 
focus  b,  and  a  thermometer  placed  there  will  indicate  the  degree  of  heat 
reflected.  The  surface  of  these  reflectors  should  have  a  parabolic  fianoi; 
in  order  that  txU  the  parallel  rays  may  meet  in  the  same  focus. 

If  a  lump  of  ice  be  substituted  in  the  place  of  the  hot  ball«  the  ther- 
mometer in  the  focus  b  will  instantly  indicate  a  fall  in  the  temperature. 
In  this  case,  more  caloric  radiates  from  the  ball  of  the  thermometer  than 
from  the  lump  of  ice ;  the  consequence  is,  that  the  ball  of  the  thermom- 
eter sufTcra  a  diminution  in  the  quantity  of  its  heat. 

Exp,  Let  M  and  M'  (Fig.  96)  be  two  concave  paraboUc  reflecton, 
placed  at  the  distance  of  ten  or  twelve  feet  frtun  each  other.    Place 
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phoipliGrus  or  gunpotrdcr  in  the  focnsy  of  the  reflector  M,  and  a  red  hot 
metallic  boll  in  the  other  focus^';  in  a  few  niinutcs  the  phaspharus  or 
gunpowder  will  be  ignited  by  the  heat  radiated  from  the  ball  and  con- 
centntcd  at  the  ibcuH/'  by  the  reflectors. 

77ie  reflecting  poicer  of  substances  varies  not  onlj  with  the 
natore  of  their  surfai^es,  but  alsso  with  the  material  of  which 
thej  consist  Polishefl  metallic  surfaces  are  the  best  reflectors 
of  beat,  andy  according  to  Leslie,  brass  and  silver  are  the  best 
reflecting  substances.  Non-metallic  bodies  have  very  low 
reflecting  powers ;  indeed,  many  of  them  entirely  absorb  all 
the  heat  whicli  impinges  upon  them. 

A  body  aI>?*orbs  that  heat  which  it  does  not  reflect ;  hence 
the  absorptive  power  of  a  body  is  inversely  as  its  reflective 
power ;  and,  as  a  general  rule,  the  power  of  absorption  cor- 
responds with  the  power  of  radiation :  thus,  for  example,  a 
surface  of  lampblack  has  no  reflective  power,  but  it  possesses 
the  highest  radiating  and  absorbing  power. 

Those  substances  which  allow  all  the  rays  of  heat  to  pass 
through  them  are  called  diather^manott^  ;  and  those  substances 
which  retain  all  the  heat  they  receive  are  called  other' manous. 

Gws»j  such  as  the  air,  arc  diathcrmanous ;  and  opaque  bodies,  such 
09  the  metab,  are  athemianous.  The  jwwer  of  a  "body  to  transmit  heat 
depends  upon  its  possc»qii(?  some  de^^rec  of  transparency ;  but  at  the  Bamc 
time  it  is  remarkable  that  the  capacity  of  liquids  and  solids  for  transmit- 
ting heat  is  not  always  in  projwrtion  to  their  traiLsparcncy  or  capacity 
kr  transmitting  liglit.  Kock  salt  is  the  most  diathcrmanous  of  all  soHds, 
and  alum  is  the  least.    Of  all  liquids  water  is  the  least  diathcrmanous. 


LulWs  Experiments  on  the  Radiating  Powers  of  different 

Surfaces, 

In  those  experiments  a  small  canis- 
ter of  tin  was  employed*  one  side  of 
which  he  polished,  the  second  he  made 
rough  by  scraping,  the  third  he  cov- 
ered with  glass,  and  the  fourth  he 
ootttcd  with  lampblack.  lie  tlien  filled 
the  caniiter  ^ith  boiling  water,  and  pre- 

ted  the  different  Bides  xnmxcceBBiax  in  Fig,  97. 
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front  of  a  concave  reflector  M,  in  the  focus  of  which  he  {daoed  mbaJX 
fy  of  a  delicate  diifercntial  thermometer,  as  shown  in  Fig.  07.  AViih 
this  apparatiu  he  first  vcriliei  the  law,  that,  other  things  being  the 
tunie,  the  amount  of  radiant  heat  u  proportional  to  the  dij^crtnee  httw9V^ 
tiie  temperature  of  the  xcater  and  the  tanpei'Oiure  of  the  air*  He  '^qfi 
bliowcd  tliat  the  nuliation  is  j-iToportionQl  to  t]:c  extent  of  the  radiating 
surface,  and  inverR'ly  as  the  diEtauce  of  the  radiating  surface  from  ths 
rdlector.  He  furtbcT  showed  tliat  the  polished  face  of  the  canister  lodi- 
atcd  the  lea^t,  and  that  covered  vnih  lampblack  radiated  the  most ;  ind 
Bo  on  to  the  radiating  powers  of  the  other  suriace. 


CONDUCTION   OF  HEAT. 

C7.  It  has  already  been  sho\>'n  (sec  page  180)  that  bodies  differ  Toy 
much  in  their  po^veri  of  conducting  heat.  The  folIo¥i-ing  simple  experi- 
ment sliuws,  in  u  marked  manner,  the  difTercncc  in  the  conducting 
jwwcTs  of  rods  of  ditftTcnt  substancts. 

Lxp.  Take  two  equal  nxLs,  (.'ray  of  iran  and  glass  i)  tie  them  togctha 
at  one  end  with  a  piece  of  line  wire,  and  attach  a  ball  of  wax  at  their 
other  extremities  b  and  rf,  as  shown  in 
Fig.  98  ;  apply  the  flanic  of  a  spirit  lamp 
to  the  part  a  r,  whcTC  the  rods  arc  con- 
nected ;  then  the  wax  on  the  iron  rod  will 
be  completely  melted,  while  that  on  the 
glass  rod  will  remain  luiehanged ;  thereby 
fiho\\'ing  that  iron  is  a  much  better  con-  Fiff,  98. 

ductor  of  heat  than  glass. 

77ie  propagation  of  heat  in  liquids  varies  according  to  ihe 
part  at  which  the  heat  is  applied.  When  the  heat  is  applied 
at  the  surface,  the  conduction  goes  on  very  slowly ;  in  this 
case  the  liquid  conducts  heat  in  the  usual  manner :  bot  when 
the  heat  is  applied  to  tlie  lower  porliort  of  the  liquid,  the 
heated  panicle?,  being  specifically  lighter  than  the  cold  parti- 
cles, rise  successively  to  the  sui-facc,  while  the  cooler  particles 
at  the  surface  descend  ;  and  thus  this  constant  current  diffases 
the  heat  equally  throughout  the  whole  mass.  But  this  trans- 
mission of  heat  takes  place  independently  of  the  ordinaiy 
principle  of  conduction  ;  it  is,  in  fact,  an  operation  of  convey 
a/ice,  not  of  conduction  from  particle  to  particle. 


intmp 
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icoM  aa£&aaitlf  aublioh  llw  tmtb  Ot  Qimt 


Bip.  I.  VuOf  flu  m  Bttk.  wit^  mter,  and  tluow  nme  pondoed 
mbcr  (or  taj  gotatance  bariog  nrarlf  the  ume  specific  gnrit;  u  wata-) 
bito  it ;  ben  tba  wats  by  a  tpirit  lamp ;  the  cun«ata  in  the  fluid  will 
k  apparttit  fiom  the  aacoit  of  tho  paiticlca  of  amber  up  the  middle  of 
Ac  ■wwba,  md  fton  tlldT  doceit  at  the  ndet  of  tha  vetad,  aa  ahtnm  fa 


Brp.  Q,  \(m  Tig.  100)  represents  a  tin  vessel  ftill  of  water ;  a  and  i 
—  one  placed  RCBi  the  top  of  the  veasel,  the  other  near  the 


Float  a  metal  cup  r,  filled  vith  npiita  of  nine,  on  the  Furface  of  tha 
Wats' ;  set  fire  to  the  Fplrit,  and  the  heat  produced  iTill  very  soon  be 
(hcnni  br  the  ihemuimctcr  a,  but  the  themiomctcr  b  will  remain  for  a 
long  time  without  Ehowing  any  indications  of  hcut. 

Itsnore  the  cup  e,  nnd  place  the  vessel  on  a  lump  of  ice  ;  tho  lower 
flmmomMcr  b  will  now  in  a  ibort  time  indicate  a  reduction  of  tempeta- 
(we,  while  the  uj^tet  thcTmometer  a  will  remain  unchanged. 
Tleae  experiments  show  that  water  is  n  bad  conductor  of  heet 
Plue  the  vend  on  a  hot  plate  or  brick ;  the  whole  of  the  ii-ster  will 
faeeonie  rapidly  heated,  and  both  thermometers  will  indicate  the  wme  or 
nearly  the  tame  amount  of  heat- 
Place  a  piece  of  ice  upon  the  smfoce  of  the  water  ;  both  therniouieteta 
will  qwcdUy  indicate  a  decrease  of  temperature.    Tho  porticica  of  the 
water,  aa  they  cool,  become  hcarler,  and  descend  to  the  bottom,  whUo 
Ae  U^ila'  paiticlcB  at  the  bottom  rise  to  the  top,  and  so  on. 

Bat  the  watarat  thshofCom  cannot  be  cooled  in  tlui  TTI^  btibiw  t^°, 
17 
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ndfntUy  b^^  it  twocAM  Aejreiaat 


Heat  of  tlie  Ocean. 

68.  In  the  temperate  and  torrid  zones  the  temperatn 
the  ocean,  generallj  speaking,  dimiuiahes  aa  the  depth  1 
the  surface  increases;  but  the  reverse -of  this  takes  ph 
the  frigid  zones,  lor  when  the  Wiiter  at  the  surface  is  leas 
32°,  ihe  lower  portions  cannot  have  a  lower  tempenilure 
89°,  for  this  is  the  ti-m  pern  lure  corresponding  to  the  gn 
Specific  gravity  of  water.  Hence  it  is  that  ice  is  al 
formed  ujion  the  surfiicc  of  llie  water,  and  not  at  the  be 
Hence  fishes  are  enabled  lo  live  in  our  northern  seas. 

If  the  ordinary  law  of  density,  as  depending  upon  tei 
ature,  had  existed  in  this  Ciif  e,  the  whole  of  the  Dorthen 
would  have  been  conveited  into  one  soUd  mass  of  ice. 

Ileal  of  tlie  Atmosphert. 

CO.  Aeriform  bodies  resemble  liquids  in  their  laws  .of 
duction  and  conveyance  of  heat.  Still  tar  is  the  wors' 
duclor  of  heat,  but  by  the  rapid  ascent  and  descent 
particles,  it  distributes  heat  even  more  rapidly  ihan  i 
The  various  motions  in  the  atmosphere,  noticed  in  ] 
matics,  depend  upon  this  propeHy. 

Queries. 
70.  The  student  will  now  he  able  to  answer  the  foUi 
queries :  — 

1.  Whether  will  water  bail  mmer  In  earthen  waro  v^aeli  oc 

Z.  Wliat  is  (he  use  of  having  double  trindowa  in  a  honoc  } 

3.  Why  do  broaa  cannon  become  sooner  hot  than  iroa  ones  ? 

4.  If  we  touch  a  piece  of  wood  and  a  piece  of  metal,  both  at 
paatuie  bigher  than  our  body,  the  metal  fseli  hoCta  diaa  tiM 
Why? 


LIGHT   AND   HEAT.  195 

t.  WliBt  ii  tbe  UH  of  making  boilcn  and  isuccpaiw  iritli  wide  faot- 

7.  "Whj  are  mollen  nhirta  wumcr  than  linen  ones  ! 
i.  M^bat  pan  of  B  crowded  chuicli  is  the  coolest } 

9.  Sdow  ii  a  bad  conductar  of  heat.  What  ii  the  utility  of  thi* 
p^stT? 

10.  Whj  docs  a  man  Uov  bii  bands  to  make  than  wann,  and  bii 
M^  to  make  it  cod  ! 

11.  Why  BR  people  liable  to  catch  cold  when  the;  get  that  clotlKa 

12.  Wby  ahould  an  ink  bottle  have  a  small  mouth  ? 

Rale  of  Conduction  in  Bodtti. 

71.  The  rate  at  which  heat  is  conducted  depends  upon  (he 
difference  of  temperature  between  the  Lodies,  or  parta  of  a 
body,  that  are  in  contact.  Thia  will  be  manifest  from  the  fol- 
lowing  experiment :  — 

Erj).  Plunge  a  thmnomcter  into  hot  water ;  at  flist  the  ascent  of  the 
mercury  in  the  tube  is  vcr^-  mpid,  but  as  the  temperature  of  the  mercury 
m  the  bulb  approaihis  the  temperature  of  the  waltr,  the  awcnt  of  the 
BCTcuiy  goes  oD  more  and  more  slowly. 

Heat  is  capable  of  diffusin":  itself  more  or  less  rapidly 
through  (h«  particles  of  all  bodies. 

Capacilg  of  Bodies  for  Heaf.  —  Specific  Hent  of  Bodia. 

72.  The  amount  of  free  caloric  in  two  different  qiianlities 
of  the  tame  tubitanee  at  the  same  tempcralure  is  proportional 
to  their  masses :  thus,  two  pints  of  liol  mntcr  will  contain 
twice  the  quantity  of  free  caloric  that  one  pint  of  the  water  at 
the  sune  temperature  does. 

If  two  equal  quantiticK  of  water,  or  anv  other  liquid,  of  clilfcrent  tern- 
ptrttuiea.  be  mixed,  the  heat  of  the  mixture  n-ill  be  the  mean  of  the 
two  tnnpcratuica.  Por  eiuiniple,  if  a  put  of  water  at  eOTf^  ma.{^ 
with  another  pint  of  water  at  B0°,  the  temperature  of  the  wisture  vill 
be  equa]  to  one  half  of  140°,  or  70°.  If  tlidr  quiiiititic<i  are  uni^uol, 
thoT  taaoKB  tanpemture  after  mixture  will  he  tound,  \s^  imSai\'^ 
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gum  of  the  products  of  their  mama  into  their  tempcratiini  hf  tht 
Bum  of  their  masses ;  thus,  if  we  mix  two  pints  of  wBter  at  64^  «Ui 
three  pints  at  100^,  the  tempenture  of  the  nuztnre  will  be  equd  to 

2X60-f  3X  ^00^340^    These  x«ult»  may  be  readily  proved  by  «- 

penmcnt. 

Eqnal  weights  of  disnmilar  suhstances '■— saj  water  and 
mercury  —  at  the  same  temperature  contain  unequal  quan- 
tities of  heat.  If  we  place  1  lb.  of  water  and  1  lb.  of  meN 
cury  on  a  hot  plate,  it  is  obvious  that  the  mercury  will  attain 
any  given  temperature  much  sooner  than  the  water.  The 
water  is  said  to  have  a  higher  capacity  for  heat  than  the  mer- 
cury, for  it  requires  a  larger  quantity  of  heat  to  raise  it  to  the 
same  temperature.  The  quantity  of  heat  required  to  raise 
equal  weights  of  bodies  V  is  called  their  speetfie  heoL  In 
general,  the  capacity  of  bodies  for  heat  decreases  with  their 
density;  thus  mercury  has  a  less  capacity  for  beat  than 
water,  because  its  density  is  greater ;  thus  the  thin  air  on  the 
tops  of  mountains  has  a  higher  capacity  for  heat  than  the 
dense  air  in  the  plains. 

Experimmt.  —  Mix  1  lb.  of  mercury  at  66^  with  lib.  of  water  at  82^ ; 
then  the  common  temperature  of  the  mixture  will  be  found  to  be  38^. 

Here  the  mercury  loses  33^*  and  the  water  gains  l^ ;  that  ia  to  say, 
the  33^  of  the  mercury  only  elevates  the  water  1^,  thenfoe  the  capa- 
city of  water  for  heat  is  33  times  that  of  mercury ;  or,  if  we  call  the 
capacity  or  specific  heat  of  water  1,  then  the  capacity  or  specific  heat  of 
mercury  will  be  ^  or  .0303. 

In  this  way  the  specific  heat  of  various  bodies  may  be  detennined. 
But  the  capacity  of  different  substances  for  heat  has  been  more  accuntdy 
detennined  by  observing  the  quantity  of  ice  which  the  body  is  capable  of 
thai^ing.  The  instrument  employed  for  this  purpose  has  been  calkd  a 
calorMeter. 

A  change  of  volume  is  invariably  attended  with  a  change  of 
specific  heat.  —  When  the  bulk  of  a  body  is  reduced,  its  ca- 
pacity for  heat  is  also  reduced,  and  free  caloric  is  eTolved. 
WheHlPie  bulk  of  a  body  is  increased,  its  capacity  fi»r  heat  is 
also  increased,  and  free  caloric  is  absorbed ;  and  henoa  the 
change  is  followed  by  a  rednfi^tknv  ^  \«cfiL^^«ndMjK. 


\ 
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TbfB  toddeB  condenMtion  of  air,  in  a  mall  tobe^  hsfing  a 

I  fitted  to  hi  will  ignite  tinder.    A  littlo  inBtniOMnt  of  tin 

I  bj  pliiloooi^eal  instrument  dealers. 

Air  ftrcibly  expelled  from  the  moutli  feels  cold.    Bne  the 

to  the  sadden  expansion  of  the  air. 

Iron  when  hammered  becomes  hot.     Here  the  hammering 

aerticles  of  the  iron  nearer  to  one  another. 

Pour  water  on  some  quick  lime ;  the  water  becomes  incoxpo- 

the  solid  aubstance  of  the  lime^  the  ^pedfie  heat  of  the  two 

b  reduced,  and  a  powerful  heat  la  theraiove  evolved.    (See 

wmUM  I,  2,  and  3,  pages  186-6.) 


ffeai  changes  the  Form  of  Bodies. 

baa  been  shown  (see  page  183)  that  when  a  body 
ts  fonn,  either  a  certain  quantity  of  free  heat  is  ab* 
d  becomes  latent,  or  a  certain  quantity  of  latent  heat 
I  and  becomes  free.  Thus,  when  a  body  passes  from 
to  the  liquid  state,  or  from  the  liquid  to  the  gaseous 
iitain  quantity  of  free  caloric  is  absorbed ;  and,  on 
ary,  when  a  body  passes  from  the  gaseous  to  the 
te,  or  from  the  liquid  to  the  solid  state,  a  certain 
3f  latent  heat  is  set  free :  the  former  changes  pro- 
t  the  latter  are  attended  by  the  evolution  of  heat 
ange  of  solids  to  liquids  is  called  fusion  or  melting. 
ige  of  solids  or  liquids  to  the  vaporous  or  gaseous 
iled  vaporizcUion  when  it  takes  place  with  boiling 
'on,  but  when  the  change  takes  place  at  ordinary 
ires  of  the  mr,  it  is  called  evaporation. 

Scat  a  small  piece  of  brimstone  in  a  test  tube ;  the  brimstone 

and  then  rises  in  the  form  of  yapor  ;  these  vapois  condense  on 

lortion  of  the  tube. 

Heat  a  very  small  piece  of  iodine 

the  flask  becomes  filled  with  the 

olet-colored  vapor  of  iodine. 

Soil  some  water  in  a  retort,  and 

condensed  steam  in  another  glass 

e  Fig.  101.)  This  is  called  dis- 

1^  and  the  operation  it  called  dis- 


JPig.  101. 
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Exp.  i.  Apply  the  heat  iu  the  lut  apounait  «o  h  to  came  tha  ttan 
to  blow  out  of  the  uoizle  of  the  ictort ;  now  quickly  invat  the  KtoR 
with  iu  nozzle  in  the  wata ;  a  suddcD  mi  TtoUnt  amdouatico  of  all 
the  steam  in  the  retort  will  take  place,  and  the  cool  water  will  ruah  into 
the  retort  and  will  completely  till  it. 

77i«  Latent  Ileal  of  Sleam. 

74.  Fig.  102  represents  an  appaistua  for  gen«nting  and  mn<i(iniang 

■team,  v>  ai  to  eiLLkhle  ua  to  oAcertain  the  amount  of  ita  ^ ■*•*'"'  heat*    A 

is  a  copper  boiler ;  a  b  the  steam 
leading  into  a  rcsbel  A  contuiiiiiig  w 
the  steam,  as  it  enton  the  euld  wol 
instantly  conden&cd,  and  iropaitH  il 


ila- 


F>3.  102. 


3-  in  the  vessel  until 
it  ruathca  the  Iwiliiig  point.  Let  6i  oz. 
of  nuter  at  3'!''  be  plaijgd  in  the  vessel  b, 
and  let  tlic  prouoi&ea  of  condcnsatian  go 
on  until  the  wnlpr  is  raised  tn  the  icin- 
perotureof  21:;°;  then  it  will  be  found 
tliat  there  arc  Gi  ox.  of  wattr  in  the  vc«c1  b;  that  is  to  aay,  the  ma- 
dentation  of  1  oz.  of  sicum  has  raised  Si  nx.  of  water  ftom  the  tcmpo- 
aturcof  32"  tothotof  aia"*.  Hence  it  follows  that  the  Intent  In*  of  • 
nivcn  portion  of  steam  is  capaMe  of  loLsing  64  times  its  weight  of  wala 
180",  and  therefore  it  will  raise  on  e<iual  wdght  of  watw  64  timea  IBO', 
or  990°,  or,  in  round  numbcis,  1000°.  Thia  number,  thirdcie,  rcpe- 
totta  the  latoit  heat  of  etcom. 


Mxpaniive  Force  of  Steam. 

75.  "When  steam  is  generated  in  a  close  vessel,  like  the 
boiler  of  a  steam  engine,  as  the  temperature  of  the  water  is 
raised,  so  the  density  and  pressure  of  the  steam  is  raised  ac- 
cordingly. 

Fig.  103  represents  on  apparatus  fbr  ascertiunin^  the  law  of  t«latian 
bctn'cen  the  temperature  and  presvirc  of  steam.  B  is  the  boiler  partly 
filled  vith  n'uter  ;  L  the  heat  QppUed  to  it  i  A  B  a  barometer  tube,  open 
at  both  ends  dipping  info  n  portion  of  niircnri-  at  the  lower  part  of  the 
boiler  ;  T  a  therrnometcr  with  ita  bulb  inserted  in  the  steam  ;  C  a  stop 
cock,  which  may  be  closed  or  opened  at  pIcBEure.  Now,  when  the  tem- 
peratuiEof  the  steam  is  raiwd  above  the  boiling  point,  (212°,)  the  mn- 
eiaj  fiMi  in  tha  bannneta  tube  A,  and  the  hn^t  of  the  waoarj  ami 
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tbt  teropcratnn^  U  indicated  by  the  tbcrmom- 
na,  bang  otaovcd  at  the  lame  imtani,  gives 
ui  the  mcam  of  detomiiiing  the  rcluliou  be- 
twem  the  jaatiae  and  temperature  of  the 
neam.  'VVhai  the  iteam  mam  htmx  tlic  cock  • 
C,  the  mercuij  in  the  tuhc  A  I)  is  at  tbu  Eiuim 
kiel  as  the  mercury  in  the  boil«,  and  then 
thcprakuiGuf  thcUeam  ii  thcioiue  us  that  of 
tbCBtma^jbae^whichwewtitaateBt  aroluum 
if  30  iochn  of  nuxeaxy ;  vrhea  tho  ttop  cock 
b  doacd,  and  the  macurj-  in  the  tulu  A  B 
BMi,  wc  mnit  odd  this  eulutnii  of  mcTcurj'  to 
the 30  incbd  fin  the  total  column,  balancing  the 
jnuurc  of  the  neata  in  the  boiliT.  llius,  fur 
example,  wbca  the  tcmpcnturu  is  :>3^'',  tlis 
mercury  in  the  tulc  A  will  £iand  ni  the 
height  of  li  inches  aluve  the  levi'l  uf  the 
memiry  in  the  boiler,  tlint  i^  to  my,  the  jjixn- 
lUTC  of  the  Etenm  in  the  l.uiltr  uill  he  mi  o.^- 
iiied  1iy  IX  column  of  niiTcnry  U[Ual  tn  '..1 
iocbea,  itr,  in  ochiT  vonls  tlus  prci^^in-c  nf  the 
KMm  at  S33°  will  be  Ij  tiinea  the  pro-iiiro 
tt  the  atmcvphcie,  or  equal  to  about  -I'^i  lid. 
pa  *quan!  inch.  ExiKTiuientoI  tnUr.i  h.ive 
been  ronrtiuctcd,  giving  the  nlaliu:!  of  tlio 
tempcraniTC  and  prcssiiic  of  Ftcani. 

Yan'nu  simple  pieces  of  uppuratus  liavo  ; '■  'r- 
heen  («natTuctod  to  iUu£Iiate  the  t.vpaii-'ivi.'  j,- 

bnx  of  (team  gcui-ratcil  uiidii  hi;;h  pnv-iiri'. 

Fig.  lO'I  thoivs  bow  Ibn  cxpaiirivc  fiiree  of  a  j<.-t  of  Ftcni 
the  pipe  a  A,  and  impi]i;ring  upon  the  ranin  of  a  li'hccl  'W 
impaiting  a  lutating  motion  to  Ibc  wheel. 


i.°nung  frcm 
*  capable  of 
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Fig.  105. 


Fig.  IDS. 


Yig,  1D5  shows  how  the  reactinn  of  the  tteani,  iwuing  fiom  the  nwda 
hhbb,  giivcs  a  rotntory  motion  In  the  globe  A. 

Fig.  I OG  shoM-a  how  n  jet  nr  Btcaio,  projDcteJ  on  the  flame  h,  maj  bt 
liscil  OS  a  blast  for  a  blowpipe. 

Dalton  uBOd  the  TorritoUian  tube  to  estiinate  the  expuuin  fcrea  Ut 
■team,  nt  tempiralures  below  the  boiling  point  of 
wntci".  lie  filled  the  Toniccllinn  tube  6  d  with 
morcurr,  nnd  inverted  it  in  the  mercury  contained 
in  the  vessel  A ;  he  then  introduced  into  the  tube 
•  wnoU  quantity  of  the  liquid  whose  Tupor  he 
wished  to  cxiunine.  This  liquid  rises  to  the  top  of 
the  mcnmiy,  Bnd  occupies  a  portion  oT  the  TEicuum 
space  ;  it. there  gives  off  its  vapor,  which  causes 
mercury  to  fink  in  the  tube,  andtostandnt  a  height 
ft)  corresponding  to  the  elasticity  of  this  vapor, 
which  is  dependent  upon  its  heat.  This  reductioa  , 
of  the  column  of  menmry  gives  the  column  of  mer- 
cury due  to  the  pressure  of  the  vapor  at  the  partic- 
ulaT  temperature.  In  order  to  very  the  tempera- 
ture at  pleasure,  he  Eurroundcd  the  upper  part  of  *r!^ 
tlie  Torricellian  tube  nith  a  wide  gloss  tube  c,  and 
filled  it  with  water,  in  which  he  placed  a  theimom- 
etcr.  lie  then  heated  this  water,  which  caused  the 
mercury  to  descend  in  the  tube,  and  occupy  a  posi- 
tion eoircsponding  to  the  clisticity  of  the  vapor  in  

tfie  upper  portion  :  by  noting  the  tcmpemture  and    i^^T^t    p--  ina 
the  height  of  the  mercury  ot  the  same  instant,  he 
was  enabled  to  give  the  rcktioa  between  the  tempcnture  of  tlie  Tipor 
sod  its  clastic  prGSSurc 
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STAPOSATIOS. 

M  leading  kws  ud  eflects  (rf*  evaporation  have  been 
.  Th«  following  experiments  and  expo«ti(»is  are 
to  place  the  subject  in  a  more  pnmiinent  and  scden' 
of  UghL 

Waltrfnambf*Kiparmtiem.-^a  ■  a  »  ^im  Tttl  coMbb- 

■tlphnnc  >eid.  ortr  vfaich  ii 

ipcfd  ttand,  coppirting  o 

e  at  ttrtbea  *uv,  lillnl  with 

;  tbe  whole  ii  placed  under  a 

14  on  tlwplautf  a  foorfair 

tta  the  ail  ii  exhanited  ftom 

r,  Hut  mta  in  the  cup  be-    < 

chatutkni  of  the  aircauaa  the 
.  of  the  waur  to  ^  on  with  increased  npid- 
:  warns  time,  the  lolphujic  add  abantn  thil 
ia  being  formed :  the  rapid  eraporntioii  SiOBi 
!  of  the  water  produces  a  cold  aufficicnt  to 

Mereiay  frozen  by  naporatiim.  —  Q  ii  a  mcr*  y 

manctei,  and  W  a  ipiiit-or-wine  one,  fixed 

le ;    the  balls  a  a  of  the  thermonieteri  are 

ith  cotUm,  aaturatcd  with  rectified  m^urU 

irtule  ii  placed  undn  n  receiver;^,  on  the       Fif.  110. 

air  pnmp.     When  the  air  ii  exhausted  from 

,  the  cold  i»oduced  by  the  rapid  evaporatinn 

■  will  came  the  mercuiT'  to  become  solid ;  the  temperatnie  at 

takes  place,  as  indicated  bj  the  spiiit-of-wine  themomeur, 

'bdownao. 

phomt  was  invented  bj  Wollaston.  for  frecnng  water  bjr  Its 

ntion :  it  eonnita  of  a  glou  tube  A  B  (see  Fig.  Ill)  tenni- 

L  two  bulbs  C  and   D,  oh 

has  bent  at  right  a 

ion  of  water  ii 

little  tube  O  at  the  boKom   c^ 

J  D.    This  wattt  is  then 

until  all  the  air  is  bbwn  ^^'         ' 

le  whole  interior  space  is  filled  wUb  steam ;  tbe  tuba  O  ii 
bf  ineltitkg  its  fine  cztztniity  in  tha  Sam*  <tf  a  Uawpip^ 
Mtranuat  fan  become  coal,  tb«  tackacd  wattf  i*  tbm  cur- 
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TOimded  by  its  own  Tapor  laucd  in  s  T>cunni.  Ilaring  dcKiiiwd  A* 
iiutruTnoit,  let  ua  now  see  how  it  is  used.  Plungo  the  cmptj  ba]t 
D  into  n  frcciing  mizture  of  scow  and  salt,  and  the  wato'  in  the 
othpr  bulb  will  Epccdily  be  turned  into  ice.  Here  the  cold  produced 
by  the  frcczin;  mixture  is  constantly  condensing  the  aqueous  vapor  in 
the  bulb  D ;  and  as  there  is  no  nir  in  the  tube,  more 
and  more  vapor  is  continually  tidng  from  the  water 
in  the  other  bulb,  aad  Ibis  f;oea  on  until  so  much 
heat  ia  ofcetrBCted  from  tbc  water  by  the  evaporation 
thut  it  frcfpzes. 

Vis-  H'  represents  another  form  of  this  initni~ 
inent,  where  Eulpburic  tthcr  is  ■ubstitutcd  for  the 
frccong  mixture,  li  is  the  bulb  containing  the  water 
which  it  to  be  frozen ;  c  the  empty  bulb  wrapped 
round  with  tome  cotton  moistened  with  ether :  to  i 
haftcii  the  evaporation  of  the  ether,  air  is  blown 
fiom  a  pair  of  bcllowa  upon  the  bulb  c.  The  expeii- 
ment  may  be  performed  more  quickly  by  enclosing  e 
in  the  exhausted  receiver  a  b  a  of  on  air  pump. 


Fig.  lit. 


SToiiture  in  the  Air.  —  Hygrometer 


D  mcasuiG  the  moisture  of  the   air  aie 


77.  The  ii 
colled  hvgn 

^auuiire't  Aitfr  hygromfttr.  —  The  mode  of  action  of  thia  ; 
instrument  dcpend<i  on  the  fact,  that  substances  lilce  hair  | 
rcudily  imbibe  moisture  from  a  dump  atmosphciG,  and,  on 
doing  so,  swell  out  in  thickness,  but  contract  in  length. 
This  instrument  is  represented  in  Fig.  It3.  A  B  is  a  hu- 
man hair,  about  one  foot  long,  (freed  from  oU  grease  by 
boiling  it  in  a  weak  solution  of  sodn  or  potassa ;)  one  end 
of  it  is  (astenci]  to  a  hook  at  B,  and  the  other  is  passed  over 
a  fixed  piiUey  P,  and  is  strained  tij-ht  by  means  of  a  small 
weight  W.  The  eontraetion  nnJ  expansion  of  this  hair 
give  motion  to  nn  index  pointer  C,  which  moi'es  over  the  Fig.  IIS. 
face  of  the  ctaduntcd  are  o.  The  two  extreme  points  of 
this  scale  arc,  where  the  index  pointer  stands  in  a  perfectly  dry  atmot- 
phcre.  and  where  it  stands  in  an  atmosphere  saturated  with  moiitUK. 
The  former  point  is  marked  0,  or  zero,  and  the  latter  is  usually  marked 
100;  and  the  intcrrenin^  ace  is  divided  into  100  equal  ports,  each  put 
being  called  a  degree.  The  zero  point  is  obtained  by  enclosing  the  in- 
ttjument  in  a  glaai  bell,  from  which  the  aqueou*  vapor  is  withdrawn  by 
acui*  of  dry  chloride  of  calcium,  or  itrong  sulptiunc  acid :  Uw  pdnt 
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■f  gMt>rt  fatmidity  Is  drtcamincd  bjr  plncin;  tlic  instrument  in  a  class 
ball  Mmding  nnr  vbIet.    It  must  be  obwn-cd,  liovcrc-i,  t^at  tlic  ilc;;rccd 

of  bumidity  (Jumii  by  this  instnimmt  urc  not  ciatll>j  in  propartinn  to 

tlie  humiditf  editing  in  the  air :  indeed,  it  is  cxuccdiiigly  ditficult  to 

nuke  •  poftct  by^metricnl  instrument. 
The  pxperimait  CTiplained  at  page  1 S  t  girrs  a  Fimplc  .inJ  tolerably 

•ecurate  mctlud  of  detcimiuing  the  litic  point  of  iJic  uuuotjilicrc  ut  oiiy 

Tie  merrurid  hygrometer.  —  A  good  instrument  of  tliia  kind  is  rcp- 
mentcd  in  FI;.  lU.    A  and  il  on:  two  ordinarr  mcicii- 
rial  thCTmomctm  placed  bj*  the  ride  of  each  othiT ;  tlic 
bulb  A  i^  KUTTouiuIed  with  mu:din,  -kIMx  js  ki-pt  in  a 
'  dam;]  ttotc  br  means  of  a  cotton  tlitcad  attached  to  it, 
the  other  end  of  tho  thread  being  placed  in  a  cu])  \V  of 
distilkd  WBicr  1  tho  other  bulb  U  is  kei)t  (try.     Now,  as    b- 
the  vatcr  n-nporaten  from  tlic  muslin,  the  mercury  in. 
tbc  tfaeimomctii  A  fiJLi ;  and  the  diierllic  hurroundin;; 
air  at  the  time,  the  more  rapid  is  tlic  duteciit  of  the  mer- 
cury- ;  oj-.d  when  the  air  ulmut  the  bulli  A  bn'omes  Mtu- 
lattJ  trilh  mnisture,  the  luarcury  in  tlic  tube  bcnimcs   >| 
■tatiiinarr,  and  the  point  at  which  it  Htiuul'<  will  lie  llio 
dew  jKiiiit  of  the  air  at  that  time.     'I'hc  (neater  tlie  dif- 
ference lictwnn  the  two  tbermuineters,  the  (■ri.'aCi.T  will 
be  the  drjiicw  of  the  air.     \Mi'.-n  tlie  d:unp  lliunuumctet  A  indira 
decreoM  of  temperature,  then  the  Hurmunilin;;  air  at  lliut  momcii 
be  latuntcd  n-itli  niusturc. 


Certain  JUeteoroivyicffl  I^iraonuttn. —  Dcio. —  G</iids. — 
nam.  —  ^,u,ic. 

78.  "When  the  Gurfaca  of  llio  earth  lias  Iicpomc  hcatod,  it 
imparta  its  beat  by  niliatjoii  to  llio  sHnToiiiniins  air  :  <lurinf! 
the  day,  therefore,  Ibu  lower  siriila  ol'  liii;  ;iimo^|iherc  nro 
irarmer  than  tlie  U[i|H-r  Hut  a  diaiii;i!  takes  \t\nw.  after  Riiii- 
Mt.  The  eurfacc  ot  l!io  carih  Etill  goes  on  radiating  its  hyat ; 
but  it  now  reteivc.s  no  lieiit  in  exi.'lLaii,'»c,  so  tliat  'Ha  itmpci'a- 
ture  Kt  length  falls  below  Ihat  of  the  aii-.  Now,  tin:  air  ininvi- 
diatclj  in  contact  with  the  cold  surfaee  of  Ihu  eartli  liceumes 
cooled  down,  and,  if  the  tenijieralurc  falls  to  the  di:w  point  of 
the  air,  then  the  rapors  in  it  arc  cutidensed  on  tlic  surface  of 
tbe  pilots,  or  the  soil,  in  tlie  form  of  small  Uropd  or  dew,  just 
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in  the  enme  voj  ns  the  cold  tninbler  beeoniefl  oorered  widl 
iDoisiure  in  a  worm  room.  If  the  temperature  of  the  eirth'i 
Burface  sinks  to  the  freezing  point,  the  moiBtnra  is  depoeited  in 
the  ibnn  of  koarfroit. 

The  SDrface  of  the  enrth  radiates  most  heat  when  the  Aj 
is  dear  and  serene ;  but  it  is  espedallj  ohstnicted  \ij  cloud*) 
which,  like  a  screen,  radiate  back  to  the  earth  the  heat  which 
they  receive  from  it.  Hence  it  is,  that  clear,  cloudUu  nr^Att 
are  most  favorable  for  the  formalion  of  dew. 

To  arrest  the  radiation  uf  heat  from  tiie  earth,  the  garden^ 
covers  his  tender  plants  with  matting  or  straw. 

Winds  and  mountains  are  the  great  causes  of  rain.  When 
a  warm  air,  nearly  Baturated  with  moisture,  is  mixed  with 
cold  air,  moisture  is  always  precipitated,  and  becomes  visible 
to  us,  assuming  either  the  form  of  clouds  or  rain. 


Suppose  a  wBim  eut  to  be  driven  bjr  a  wind  towoida  a  moantain  U ; 
when  the  nir  Krikei  the  aloping  side  of  the  immntain,  it  tites,  on  ths 
priatdple  of  tlu  ittoluticQ  of  TunTi^it^^  ^xiA  it  is  eozticd  over  tbe  moantsia 


Fig.  115. 


top ;  by  thij  meani  the  air  Is  carried  bom  ■  waim  to  s  cold  refpoa ;  it* 
moisture,  therefore,  is  prccipitiLted,  snd  assumes  either  the  fbrm  of 
elouds  OT  rain,  or,  it  may  be,  when  the  cold  is  vny  Kreat,-  that  of  mow 
or  hail.    Hence  rivers  take  their  rise  in  mountain  ran^. 

Mountains  also  frequently  aanct  tLe  clouds  towards  tbem,  and  flu 
cuiM  nfn  to  falL 

The  two  great  processes  of  etxiporation  and  ctrnthnMOtiM 
an  the  means  whereby  the  vegetation  of  the  earth  Is  eOBltt- 
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mBf  CDpplied  with  moisture  from  the  great  resenroir  ot 
VBten— the  ocean  —  which  covers  the  Urger  portion  of  the 
globe. 

Pbikaophen  have  found  it  difficult  to  account  for  the  taspeanoo,  of 
tbtfpfticlw  of  moistore  ia  the  clouds.  It  m  gouraUr  bcliercd  that  the 
liKure  in  the  ekmdi  BaBinfifn  the  form  of  Toicks  of  Draterr  rapor,  or 
Utile  bnojant  Ur  babbles,  which,  being  in  the  same  dectrlcal  state  as 
1^  miatum  of  tax  immediately  below  them,  not  only  repel  one  &L.cthe7. 
but  «e,  at  the  same  time,  repdlcd  by  the  air  beneath ;  and  tbtu  tLer  sre 
■HynftBd  ia  op^XMitioa  to  the  force  of  grarity-  Query.  3IaT  zioc  tliese 
THielsi  ba  aBpnorted  in  the  same  way  as  a  littk  sewing  needie  ii  soih 
ported  tqion  the snriace of  water? 

18 


ELECTRICITY. 


PRELMIXARY  VIEWS   AND  EXPERIMENTS. 

1.  "What  is  electricity  ?  It  is  a  subtile  fluid  which  per- 
Tades  nil  nature,  and  which  becomes  known  to  us  by  its  pecu- 
liar properties,  or  by  the  way  in  which  it  affects  our  senses. 
Lightning  is  electricity ;  in  the  thunder  storm  nature  gener- 
ates the  electric  fluid  on  a  mighty  scale.  Electricity  is  most 
easily  generated  by  friction  ;  or,  t6  speak  more  definitely,  it 
is  rendered  apparent  to  our  senses  when  certain  bodies  are 
rubbed  against  each  other.  Electricity  appears  to  exist  in 
all  bodies,  in  a  latent  or  hidden  state ;  but  friction  and  other 
causes  disturb  this  state  of  quiescence  or  inactivity.  There 
are  various  means  of  generating  electricity  besides  friction,  — 
for  instance,  heat,  chemical  action,  or  pressure  will  generate  it, 
—  but  w^e  purpose  first  to  show  its  various  properties  when  it 
is  generated  by  friction. 

EAST   COURSE   OP   EXPERIMENTS,   WITH    SIMPLE  PRIKCIPLE3 

DERIVED   FROM  THEM. 

2.  The  following  electrical  experiments  may  all  be  peribrmed  by  any 
intelligent  person,  with  no  other  apparatus  than  what  may  be  obtained 
in  any  ordinary  dwelling  house.  All  the  experiments  here  described 
have  been  repeatedly  performed  by  the  author  with  invariable  success. 
Many  of  them,  he  belic\'e»,  arc  new  and  simple,  and  highly  calculated 
to  interest  young  persons,  fixmi  the  very  fact  that  they  have  it  in  their 
power  to  repeat  the  experiments  at  any  time  they  may  wish  to  do  so. 

Bodies  which  are  electrified,  or  which  contain  free  electri- 
city, attract  and  repel  light  substances ;  and  when  the  elec* 
tridty  is  generated  in  a  sufficient  quantity,  luminous  speiki^ 

(aoe) 


Fig.  1. 
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secompanied  by  a  Efaarp,  cracking  noise,  pa^a  from  the  electri- 
fied body  tu  any  body  which  is  not  electrified. 

These  fuadamsital  facts  gf  electricity  ue  illustrated  by  the  fbUoning 
apcrimcnti :  — 

Eif.\,   Bubs  Mick  of  stealing  vox,  or  a  dry  -iTTTTT^ 

gl*»  tube,  irith  a  waim  piece  of  flannel  or  lilk :      '^"^^T'  *.  ,*  ,  * 
electricity  ii  genented.    Hold  the  excited  Uick  r  i 

ti  Kaling  wax  over  tarns  cuttingn  of  ligbt  paper, 
(T  any  other  light  aibatancei :  the  bits  nf  paper 
■wSa  be  attncted  by  the  B«aling  wax,  and  will 
MMWtiinei  fly  and  dance  up  and  donii. 

Being  the  exc1t«l  icaling  wax  before  your 
eja :  a  icniation  is  felt  as  if  spideis'  wetn  were 
draim  acroES  jour  face. 

Bring  the  scaling  wax  undi?i  your  nose  :  you 
perceive  it  faint  smell  like  phwphorui. 

Su^Knd  a  feather  or  a  little  cork  ball  by  a  silk 
tbnad,  •»  tbovra  jn  Fig.  2 ;  bring  the  excited 
waliDg  wnx  near  the  little  boll :  it  is  first  at-     , 
tracted.  and  then  it  is  rppcllcd.  fY^.  2. 

Those  substances  which  readily  yield  electricity  by  friction 
lave  been  called  eUclrici.  But  it  has  recently  been  found 
that  all  substances  possess  this  property  in  a  greater  or  less 
degree. 

Exp.  2.  fcnpend  two  feathers  (or  two  tight 
cork  balls)  by  lilk  threads,  as  shown  in  Fig.  3  ; 
hriog  the  picilcd  sealing  wax  near  the  feathers  ; 
lh*y  are  first  attracted  to  the  sealing  wnx,  and 
then  they  are  repelled  from  it ;  and  they  will 
finally  be  found  to  liivpiBc  or  fly  from  each  other, 
•sshonn  in  the  tigurc. 

Here  it  will  be  observed  that  (ho  oledrlfied 
body  first  attmcts  the  feathers ;  and  then,  when 
they  become  electiilicil,  in  the  same  way  as  tlie 
Mnling  wax,  thpy  arc  rcptlkd  by  it,  and  mu- 
tnally  trrpcl  each  other. 

Ex]).  3.  Bring  the  exdted  stick  of  stealing  wax  near  a  Ii 
fatha,  floBting  in  the  air :  the  feather  will  first  be  attisctcd 
^  wax,  and  then  repclkd  from  it.     Ai  the  scaling  wa: 
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towardi  the  feather,  it  will  continue  0 
to  fly  away.  In  this  wkv  the  feather 
may  be  driven  about  the  room.  If 
the  feather  should  touch  any  body  not 
electrified,  it  will  fly  back  to  the  seal- 
ing wax  again.  Or  if  an  excited  glass 
tube  be  brought  near  the  feather,  it 
will  be  attracted. 

Here  the  excited  sealing  wax  first  *^* 

attracts  the  feather ;  and  then,  when  the  flnther  beeomes  citectriBed  ia 
the  same  way  as  the  sealing  wax,  i(  is  repelled. 

Exp.  4.  Take  up  a  black  cat,  which  has  been  lying  before  the  fiit; 
hold  it  by  the  throat  with  one  hand,  and  with  the  other  hand  nib  it 
smartly  along  the  back :  electricity  will  be  generated ;  the  hair  will  be* 
come  so  excited  and  charged  with  the  electrical  fluid  that  a  faint  shock 
may  sometimes  be  felt,  and  a  succession  of  sparks  may  be  Been»  if  the 
experiment  is  performed  in  the  dark. 

Exp,  6.  Take  ttv'o  strips  of  brown  jiaper, 
about  9  inches  long  and  2  inches  wide; 
warm  them,  and  hold  them  by  the  finger 
and  thumb  of  the  left  hand;  rub  them 
briskly,  by  insertmg  the  fore  finger  of  the 
right  hand  between  them,  and  then  draw- 
ing it  sharply  from  end  to  end :  the  strips 
of  paper  ynH  be  powerfully  electrified,  and 
will  diverge  from  each  other,  as  shown  in 
Fig.  6.  They  repel  each  other  because  they 
are  electrified  in  the  same  way. 

Bring  the  hand  between  ihem  when  thus  repelled,  and  l|^y  irill  both 
be  attracted  by  the  hand. 

Exp.  6.  Lay  the  two  strips  of  brown  paper,  the  one  over  the  otfaer» 
on  a  smooth  table ;  rub  them  with  the  hand,  or,  what  is  still  better,  draw 
the  edge-of  an  ivory  rule  or  scale  over  them  for  a  fbw  times ;  lift  them 
from  the  table,  and  then  separate  them  from  each  other :  they  will  attnct 
each  other  very  powerfully. 

In  the  last  experiment,  they  repelled  each  other  because  thegr  were 
electrified  in  the  same  way ;  but  here  they  attract  each  other*  bectuss 
they  are  electrified  in  difierent  ways.  It  will  bo  afterwards  shown  that, 
whilst  the  bottom  jnece  of  paper  is  potititeijf  electrified,  the  top  piece  it 
negatively  electrified. 

The  two  foregoing  experunents  may  be  perfimned  with  silk  rifabom^  or 
with  strips  of  thin  ^eet  gutta  percha. 

In  the  place  of  the  hand,  an  old  fur  cuftorft  Ym'%  rVin  tit  Tnittw 


Fig.  5. 
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roltbar,  or  a  peoe  of  warm  flonneli  or  an  Wory  scale,  may  be  employed 
as  the  rubber. 

Exp.  7.  Take  tiro  pieces  of  lump  sugar,  and  rub  them  together  in  the 
dark :  they  will  appear  covered  with  a  beautiful  lambent  flame  of  elec- 
tric light. 

Exp»  8.  Take  a  piece  of  stout  conmum  brown  paper  (or  a  sheet  of 
thin  gutta  percha)  about  a  foot  long  and  nine  inches  broad ;  hold  it 
before  the  fire  nntil  it  is  quite  hot,*  lay  it  upon  the  table,  and  rub  it 
hriskly  for  a  few  times  with  the  palm  of  the  hand :  the  paper  wHl  bc- 
Gome  powerfully  electiificd. 

(1.)  lift  the  paper  by  one  comer  from  the  table,  and  it  iv-ill  be  found 
tlutt  tome  force  is  required  to  separate  the  paper  from  the  table. 

(2.)  Hold  the  electrified  paper  as  in  Fig.  6 ;  bring  the  extended 
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fingers  of  the  rig^  hand  near  to  the  surface  of  the  paper :  it  will  be 
attracted  to  the  hand,  and  electric  sparks,  giving  a  snapping  sound,  will 
from  it  to  the  fingers. 

(3.)  Hold  some  feathers,  suspended  by  silk  thread,  near  to  the  excited 
r,  as  »hown  in  Fig.  7  ;  the  feathers  will  be  powerfully  attracted. 

(4.)  Hold  the  excited  paper,  or  the  excited  sheet  of  gutta  percha.  as 
the  case  may  be,  over  the  head  of  a  person  having  dry  hair,  as  shouii  in 
Hg.  8  ;  the  hair  will  be  powerfully  attracted  by  the  paper,  and  each  par- 
ticular hair  will  appear  as  if  standing  on  end. 

(5.)  Hold  the  excited  paper  ovei-  the  face ;  a  sensation  like  that  pro- 
duced by  cobwebs  spread  over  the  face  will  immediately  be  felt. 

(6.)   Perform  experiments  1,  2,  and  3  "^-ith  the  elcctrilicd  paper. 

Exp,  9.  Take  two  pieces  of  stout  brown  paper,  of  the  same  size  as 
that  described  in  Exp.  8 ;  after  heating  them,  lay  the  one  upon  the  other. 


•  Otttta  pereha  should  nertr  ba  heated. 
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and  rub  the  upper  surface  with  the  pahn  of  the  hand;  tear  the  two  aheeli 
of  paper  from  the  table ;  they  "will  adhere  firmly  together.  A  crackling 
sound  'v^ill  be  heard,  upon  feeparating  them  from  each  other ;  and  ugaa 


Fig.  8. 

being  brought  near  to  each  other,  they  will  mutually  attract  each  oHkiv 
and  will  again  adhere  to  each  other.  If  ^ey  are  separated  from  etth 
other  in  the  dark,  an  electric  flash  will  be  distinctly  observed. 

Exp,  10.  Hold  the  excited  jxiper  near  to  the  wall  of  the  room :  the 
paper  will  fly  to  the  wall,  and  will  remain  there  some  minutes  withoat 
fiaUing. 

Exp.  11.  To  obtain  a  series  of  elect  He  sparks.  —  Take  a  small  tM 
tray,  and  place  it  upon  a  dry  tumbler  gJass,  as  shown  in  Fig.  9 ;  jiaok 
the  excited  sheet  of  papet  oc  g;vxtl&  ^^(d[U«^s»:!^=^^^^2a;^    «  «« 
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tpcn  tbe  tea  tray ;  bring  the  knadde  near  to  the  tea  tray,  and  an  elec- 
txic  ipark  will  be  recciyed ;  qtiickly  withdraw  the  paper,  and  again  apply 
the  knuckle,  and  another  spark  will  be  received ;  replace  the  paper,  and 
then  apply  the  knuckle,  and  another  spark  Mill  be  percdvcd ;  and  so  on 
for  at  Inst  a  dozen  times. 


WL^ 


Fig.  9. 

Exp,  12,  Take  a  small  splinter  of  wood,  about  9  inches  long ;  fix 
Rffks  to  its  extremities ;  suspend  it  from  its  middle  by  a  silk  thread  ; 
bring  the  excited  stick  of  scaling  wax,  or  brown  paper,  near  to  onc^of 
&e  corks  :  it  will  be  attracted,  and,  by  moving  the  electrified  body  in  a 
KTcle,  the  cork,  being  constantly  attracted,  will  appear  to  revolve  on  the 
thread  as  an  axis. 

£rp.  13.  Make  a  notch  in  the  mid- 
dle of  the  rod,  described  in  the  last 
Rperiment,  and  balance  it  on  the 
edge  of  a  dinner  knife  C,  as  shown  in 
Fig.  10.  (The  balance  of  the  rod  is 
easily  adjusted  by  pushing  either  the 
Kie  cork  or  the  other  nearer  to  the  Fig.  10. 

centre  of  the  splinter.)     Bring  the 

evcited  brown  paper  over  the  cork  A,  and  it  will  be  attracted ;  now 
place  the  excited  brown  paper  over  the  cork  B,  and  it  will,  in  its  turn, 
be  attracted,  and  so  on ;  thereby  giving  an  oscillating  motion  to  the  rod 
A  B  on  the  edge  C.  This  experiment  exhibits  electrical  attraction  in  a 
itziking  manner,  being  conducted  on  a  large  scale. 

Erp.  14.  To  make  two,  forks  revolve  by  electrical 
attraelion.  —  Stick  two  small  forks  A  and  B  into  a 
cork  C,  as  shown  in  Fig.  11 ;  stick  a  sewing  nee- 
dle^ with  iti  point  outwards,  into  the  cork ;  poise 
the  whole  on  the  point  of  the  needle  standing  on 
the  top  of  a  wino  glass  G  ;  bring  the  excited  seal- 
ing wax  or  bro'wii  paper  near  one  of  the  forks  and 
make  it  revolve,  as  in  Exp.  12. 

£j^  lo.  Bk)w  out  a  lighted  candle  having  a 
kng  amff;  bring  in  excited  rod^  sealing  wax 


Fiff.  11. 
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near  to  the  vnck,  as  shown  in  Fig.  12 ;  the 
gmokc  is  attracted  by  the  scaling  wax,  ond 
sparks  of  fire  appear  to  fly  towards  it. 

Exp,  16.  Support  a  worm  pane  of  glass 
upon  two  books,  one  at  each  end ;  place 
some  dry  bran,  or  cuttings  of  fine  paper,  or 
light  pith  or  cork  balls,  bmeath  the  glass,  and 
briskly  rub  the  upper  side  with  a  warm  piece 
of  flannel  or  black  silk  :  the  bran  will  dance 
up  and  down  with  great  rapidity. 

This  experiment  was  first  made  by  Newton.  It  was  important  at  the 
time  of  its  discovery,  inasmuch  as  it  showed,  what  was  not  known  be- 
fore, that  an  electrical  body  became  electrified  on  the  aide  comirarjf  to 

tJuMi  laluch   VMM   tXftitfHlt 


Fig.  12. 


CONDUCTORS  AND  NON-CONDUCTORS   OF  ELECTRICZTT. 

INSULATION. 

3.  The  metal  tea  tray  of  Exp.  1 1  was  placed  upon  a  glass 
tumbler,  because  glass  is  a  non-conductor  of  electricitj ;  and, 
in  like  manner,  the  feathers  of  Exp.  2  were  suspended  by  silk 
threads,  because  dry  silk  is  a  non-conductor  of  electricity. 
If  the  feathers  had  been  suspended  by  a  metallic  wire,  in  the 
place  of  silk,  they  would  not  have  diverged  from  each  other 
in  tha  manner  described,  for  metals  conduct  the  electric  fluid. 

l*he  electric  fluid  does  not  diffuse  itself  over  the  surface  of 
»  non-conductor,  but  remains  confined  strictly  to  that  portioa 
of  the  surface  which  first  received  it ;  thus,  when  one  end  of 
a  slick  of  sealing  wax  is  rubbed,  that  extremity  becomes  highly 
electrified,  whilst  the  other  extremity  remains  in  its  natural 
state.  On  the  contrary,  conductors  freely  convey  the  electric 
fluid  from  one  part  of  their  surface  to  another ;  and  thus  the 
electric  fluid  instantaneously  diffuses  itself  uniformly  over  the 
whole  surface  of  the  conductor,  just  as  water  would  spread 
itself  over' a  level  surface.  All  metallic  bodies  are  excellent 
conductors ;  and  water,  wood,  &;c.,  as  well  as  all  substances  in 
a  damp  state,  readily  conduct  electricity.  The  earth  is  the 
great  reservoir  and  conductor  of  electricity.  When  any  elec- 
trified body  is  suspended  from  or  tapportad  by  a  bod-ocnik 
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dactor,  the  bodj  is  said  to  be  insulated.  All  non-conduetors, 
lherefbre«  are  called  insulators.  Glass  rods  sill^  threads, 
aealing  wax,  and  fine  threads  of  sealing  wax,  are  the  insula- 
tora  most  commonly  used  in  performing  electrical  experiments. 
All  these  substances  become  conductors  when  they  are  in  a 
damp  state ;  hence  the  necessity  of  having  all  our  insulators 
perfectly  dry  and  warm.  Gum  lac  is  the  best  of  all  insu- 
lators, because  it  does  not  readily  become  covered  with  mois- 
Inre.  For  oonductiiig  delicate  experiments,  there  is  no  insu- 
lator to  be  compared  with  a  fine  thread  of  sealing  wax  or 
gum  lac. 

Bodies  differ  very  much,  as  well  in  their  conducting  as  in 
their  insulating  powers.  Of  all  bodies  metals  are  the  best 
conductors,  and  resinous  bodies  arc  the  best  insulators  or  non- 
conductors. The  bodies  in  the  following  list  possess  these 
powers,  in  the  order  in  which  they  are  named. 


dtutifieation   of   Conductors    ac- 
cording  to  their  amduoCuig  power. 

1.  All  the  metals. 

2.  C3iarooaL 
8.  Plumbago. 
4.  Acids. 

6.  Metallic  ores. 

6.  Animal  fluids. 

7.  Water,  and  oil  damp  substances. 

8.  Ice  above  13^  Fahrenheit. 
0.  Snow. 

10.  Living  ammals  and  vegetables. 

11.  Flame,  rmokc,  and  steam. 

12.  Soluble  salts. 

13.  Rarefied  air. 

14.  Tapon  of  ether  and  alcohoL 

15.  IHunp  earth  and  atonea. 

16.  Powdcicd  glaM. 

17.  Flowen  of  sulphur. 


Claaai/ication  of  IniukUort  accord' 
ing  to  their  inautatitig  potocr. 

1.  Oimi  lac,  gutta  pcrcha. 

2.  Amber. 

3.  Iksins,  sulphur,  wax,  jet 

4.  Glass,  and  all  vitiifactions. 

5.  Mica. 

6.  Diamond,  tranvporcnt  gems. 

7.  Haw  silk,  bleached  silk,  dyed 

silk. 

8.  Wool,  hair,  featheis. 

9.  Dry  poper. 

10.  Parchment,  kather. 

11.  Atmospheric  air,  when  dry. 

12.  All  dry  gamn. 

13.  Baked  wood. 

14.  Porcelain  and  dry  marble. 

15.  Camphor,  Indian  rubber. 

16.  Lyciypodhim. 

17.  Dry  chalk,  lime,  pbospbaruSL 

18.  Ice  bck>w  13^'  Fahrenheit. 

19.  Many  dr}%  transparent  erystaU 

20.  Oils,  dry  oxides  of  metab. 
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Conducting  substances  were,  at  one  time,  called  non-eke^ 
frics^  and  non-conductors  were  called  electrics ;  but  the  dis- 
tinction is  not  founded  on  fact,  because  conducting  substances, 
when  insulated,  will  yield  electricity  by  friction ;  and  besides, 
the  ca[>acity  of  a  substance  for  yielding  electricity  by  friction 
does  not  seem  to  depend  upon  the  insulating  or  non-conduct- 
ing power  of  tlie  substance. 

The  atmosphere  manifestly  belongs  to  the  class  of  non- 
conductors ;  if  this  had  not  been  the  case,  no  electrified  body 
could  have  retained  its  electricity  for  any  length  of  time. 
When  air  becomes  rarefied,  it  loses  its  insulating  property; 
thus,  an  electrified  body  soon  loses  its  electricity  when  pUiced 
in  the  exhausted  receiver  of  an  air  pump.  The  electric  fluid 
spreads  itself  in  a  thin  coating  over  tlie  surface  of  the  electri- 
fied body,  and  it  is  prevented  from  escaping  by  the  pressure  or 
tension  of  the  surrounding  air ;  when  this  pressure  is  reduced 
beyond  a  certain  degree,  the  electricity  escapes  from  the  sur- 
face. 

ELECTROSCOPES. 

4.  Electroscopes  are  instruments  used  for  detecthig  the 
presence  of  electricity  in  bodies ;  such  as  the  suspended  pith 
balls  represented  in  Fig.  0. 

By  means  of  an  electroscope  we  can 
readily  show  that  there  arc  two  kinds 
of  electricity ;  the  one  being  called  /»»- 
«Vi  w  electricity,  and  the  other  negative 
electricity.  There  are  ^-arious  electro- 
RcopcA,  but  the  following  one  is  easily 
madc«  and  is  quite  delieafe  enough  fisr 
all  ordinary  electrical  experiments. 

To    make    a    simj)lc    electroscope, — 
Take  a  narrow  fttrip  of  tin  foil ;  melt  x' 
the  end  of  a  stick  of  sealing  wax ;  at- 
tach it  to  one  end  of  the  tin  foil,  and 
draw  the  wax  out  into  a  fine  thread,  9& 
shown  in  Fig.  13,  where  T  represents 
the  tin  foil,  and  AV  the  scaling  wax ;  place  the  stick  of  sealing  wax  on 
the  mantel  shelf  M,  and  yc^u  ^nH  hs^  cQfEdStc\a«^«l  «.x«rr  qmAiI  elee- 


•'!.-..'aU5ii.fi^i''''-^ni 
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Fig.  13. 
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txowope^  with  which  the  ibUowing  demuiiilmliw  ezperimcnSi  nuiy  be 
■uccCTrfiilly  peribnucd. 

5.   There  are  two  kinds  of  electricitj. 

Make  two  simple  dectroscopes  ;  excite  a  stick  of  sealing 
wax,  and  also  a  dry  glass  tube ;  the  electricity  of  the  sealing 
wax,  which  is  said  to  be  negative^  will  be  different  from  the 
electricity  of  the  glass,  which  is  said  to  be  positivey  as  may  be 
jhown  by  the  following  experiments : — 

A^.  1.,  Touch  the  strips  of  tin  foil  with  the  excited  glass  tube,  faring 
fbem  ncir  to  each^yther,  and  they  will  fly  from  each  other,  as  shown  in 
Ko.  1,  fig.  14.    Here  the  bodies  repel  each  other,  because  they  aze  dec- 


No.!.  No.  2.  NaS. 


trifled  in  the  same  way ;  that  is  to  say,  they  axe  both  in  a  state  of  poiitive 
atplita,  +,  electricity. 

Exp.  2.  Perform  the  same  experiment  "with  the  excited  scaling  wax, 
and  the  strips  of  tin  foil  -v^ill  repel  each  other,  as  shoTvn  in  No.  3,  Fig. 
14.  Here  the  bodies  are  both  in  a  state  of  negative  or  minut,  — ,  elec- 
tricity. 

Exp.  3.  Touch  one  of  the  strips  of  tin  foil  with  the  excited  glass 
tube,  and  touch  the  other  strip  "with  the  excited  stick  of  sealing  wax ; 
bring  the  strips  thus  electrified  near  each  other ;  they  -will  be  powerfully 
attracted  to  each  other,  as  shown  in  No.  2,  Fig.  14,  thereby  proving 
that  the  electricity  generated  by  the  friction  of  glass  is  diifcrcnt  from 
the  electricity  generated  by  the  friction  of  sealing  wax. 

These  experiments  may  be  readily  performed  with  one  electroscope  in 
the  following  manner :  — 

Exp,  4.  Bring  the  excited  stick  of  sealing  wax  near  the  strip  of  tin 
icH ;  it  win  be  flist  attracted,  and  then  it  will  remain  permanently  re- 
pelled. Any  other  excited  stick  of  sealing  wax,  or  any  excited  resinous 
substance,  will  repel  the  electrified  strip.  Now  bring  an  excited  glass 
tube  near  to  the  electrified  tin  foil ;  it  will  be  instantly  attracted. 

Yvsm.  these  experiments  we  derive  the  following  law,  rdative  to  the 
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iHi.iii'S  I'li'i'iriHi'i]  in  the  same  way  repel  one  asotbtr; 
1<i>.H>'4  I'll  riiili'il  ill  (liirircnt  wjiys  attract  one  anotlier.  Or 
«.•  iii:iy  i\|iri-'  iliis  law  l>y  siiiijily  stating,  that  like  cletlrld- 
il,  ~  ii'|M'l,  ■..\r\  iJtiiiki,'  iillrii(.-t. 

IJy  liii-!  l;iw  lit'  cli-iirical  [wbrity  we  may  easily  asccmia 
III  wiiii.li  kiu.l  ul'  flii'iriiiiy  any  c-xcilcd  body  belongs. 

/■,-■.  1.   Jiii^'in'-i- wc  ni-'h  to  kmiw  whWhcT  the  excited  bronpijie 

TtmL^  the  stiip  of  tin  foilT,  (Fig.  lg,)«4lh  ob  cxcitsd  (lick  tdtaiit 
was,  and  the  tin  foil  will  be  QegatiTcl;  electriUcd  :  now  bring  the  a- 
cileil  btown  paper  near  to  the  strip  of  tin  foil ;  it  is  rppcUcd ;  tbmfai 
the  yaiKi  13  elecaiixud  in  tlie  same  manner  m  the  scaling  wux ;  tliali^t 
ii  in  a  etalc  uf  ne^tivc  electricity. 

Or  vie  may  prootieJ  Bs  follows :  Touch  the  tin  foil  of  the  (totduao^* 
ti'illi  an  cxfiteil  glara  tube ;  bring  the  eicited  paptr  aeax  to  the  till  Ul 
it  is  tnstaully  attracted,  thereby  fehawing  that  the  dectiidty  of  the  (i- 
clled  paper  is  unlike  tho  tlcetricity  ot  the  excited  glass;  that  i^  thelk^ 
tricily  of  the  paper  ia  ncgalive. 

Exp.  2.  Ptrfurm  the  eauie  expenmcnt  with  excited  aul^mr.  Bd 
be  found  to  jioMca  negative  electricity. 

/>/!.  :i.   Kub  n  gla^  tube  n-ith  n  black  cat's  skin  ;  test  the  elcctiid^ 
cif  llic  iiliiss  ;  it  will  be  found  to  be  negative,  thereby  Bhowing  iitt  dl 
cgativelv  ell 
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ftom  wbich  the  deetiicity  has  not  been  taken  away,  then  the  tin  foil  will 
be  repelled ;  turn  the  sealing  wax  round,  then  the  tin  foil  will  no  longer 
be  repelled.  Hero  it  will  be  seen  that  the  electricity  does  not  spread 
itself  fitnn  one  side  of  the  sealing  wax  to  the  other  side. 

7.  The  electricity  of  the  rubber  is  different  from  the  dec* 
tricity  of  the  body  which  is  rubbed. 

.    -  £jip.  1.  Lay  a  piece  of  dry  silk  upon  the  table,  and  rub  it  with  a  stick 
of  sealing  wax ;  lift  up  the  excited  silk  by  one  comer,  and  touch  the 
.  tin  foil  of  the  electroscope  with  it,  then  the  tin  foil  will  be  charged  with 
,  poaitiTe  electricity ;  bring  the  excited  sealing  wax  near  to  the  tin  foil, 
.•  and  it  will  be  powerfully  attracted,  theabj  showing  that  while  the  seal- 
ing wax  is  in  a  negaiiioe  state  of  electricity,  the  silk  is  in  a  positive  state. 
£g>.  2.  Tie  a  piece  of  silk  or  flannel  to  the  end  of  a  stick  of  sealing 
.  wax;  nb  a  wann  plate  of  glass  with  the  insulated  silk,  taking  care  to 
faoild  the  rubber  by  the  insulating  handle;  test  the  electricity  of  the  rub- 
ber and  the  excited  glass  by  means  of  the  electroscope,  and  it  will  be 
feuid  that  the  silk  rubber  is  negative,  while  the  glass  is  positive. 

Exp^  3.  Rub  a  sheet  of  brown  paper  in  the  same '  manner.  In  this 
case  the  silk  rubber  will  be  positive,  and  the  sheet  of  paper  negative. 

THEORIES   OP   ELECTRICITT. 

8.  These  experiments  led  some  philosophers  to  consider 
that  there  was  only  one  electric  fluid,  and  that  it  existed  in 
the  ghiss,  which  was  rubbed,  in  excess,  or  in  a  plus  state, 
while  it  existed  in  the  rubber  in  deficiency,  or  in  a  minus 
Btate.  According  to  this  theoiy,  the  friction  deprives  the 
lubber  of  a  portion  of  its  natural  electricity,  and  transmits  it 
to  the  glass,  which  thereby  receives  more  tiian  its  natural 

Lflhare.     This  explains  the  use  of  the  terms  positive  and  nega- 
^five   electricity.     However,  as  we  shall  afterwards  show,  it 
^■eems  to  be  more  simple  for  us  to  regard  electricity  as  con- 
sisting of  two  fiuidsy  which  mutually  attract  each  other,  but, 
-flt  the  same  time,  each  fluid  is  self-rcpellcnt  —  that  is  to  say, 
. its  own  particles  repel  one  another.     The  kind  of  fluid  ex- 
cited from  glau  and  analogous  bodies  is  called  vitreous  ;  and 
.that  from  sealing  wax  and  the  like,  resinous  electricity.     The 
.witreous  answers  to  the  positive,  and  the  resinous  to  the  nega- 
This  theory  fully  accounts  for  the  electrical  attractions 
19 
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and  repulsions ;  for  vfhen  the  electric  fluids  in  two  bodies 
unlike,  the  bodies  attract  each  other^  hj  virtue  of  the  mutual 
attraction  of  the  two  fluids ;  and,  on  the  contrary,  when  the 
electric  fluids  in  the  two  bodies  are  like,  the  bodies  repel  each 
other,  by  virtue  of  the  repellent  property  of  the  particles  of 
the  same  fluid.  When  equal  portions  of  the  two  fluids  unite, 
they  neutralize  each  other,  and  the  electricity  is  then  in  a  neu* 
tral  or  quiescent  state,  which  is  the  usual  state  in  which  elec- 
tricity exists  in  bodies.  Friction  disturbs  the  equilibrium  of 
the  two  fluids,  by  separating  the  one  from  the  other:  the  pos- 
itive fluid  attaclies  itself  to  the  glass,  while  the  negative  fluid 
attaches  itself  to  the  rubber.  The  two  fluids,  in  the  natural 
state  of  bodies,  as  it  were  hold  each  other  in  a  state  of  inoo- 
tion,  and  electricity  is  then  said  to  be  latent  or  hidden. 

The  Single  Fluid  Theory  >vas  adopted  by  Franklin, 
and  after  him  by  most  of  the  English  electricians^  until  very 
recently,  when  the  Theory  of  Two  Fluids,  as  above  ex- 
plained, which  had  been  generally  adopted  on  the  continent, 
became  more  popular  amongst  us.  It  must,  however,  be  re* 
niembered  tliat  the  great  use  of  theory  in  this  subject,  is  to 
group  and  classify  the  vast  accumulation  of  facts  which  have 
been  brought  to  light. 

conduction  and  induction. 

9.  "When  the  electric  fluid  is  transmitted  from  one  body  to 
another  through  the  medium  of  an  insulated  conductor,  it  is 
said  to  be  conveyed  by  conduction ;  but  when  electricity  is 
transmitted  from  one  body  to  another  at  some  distance  fiom 
it  without  receiving  a  sjjark,  it  is  said  to  be  by  induction. 

Experiment,  Support  a  tea  spoon  B  C,  or  any  thick  metal  wire,  upon 
a  stick  of  scaling  wax  S :  this  can  easily  be  done  by  melting  the  war, 
and  fixing:  tlie  spoon  to  it,  as  shown  in  Fig.  13,  page  214.  The  flpooa 
will  thus  form  an  insulated  conductor. 

(1.)  Ilold  the  conductor  B  C  by  the  insulating  stick  S;  faring  tha 
extremity  C  near  to  the  tin  foil  T  of  tlie  electroscope ;  then  ioudi  tha 
opposite  extremity  B  with  an  excited  stick  of  sealing  wax ;  the  tm  fiA 
will  be  attnctod  and  thea  repeUoL    Hoe  tlie  lofital  B  C  oonduda  or 
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ZBKwcjm  tbe  •kcfaifity  fiom  the  waling  wax  A  to  the  tin  foil  T.  This 
li  an  rxsniile  of  emukietiom ;  B  C  may  be  any  conducting  substance. 

If  the  inter?ening  substance  B  C  were  glass,  or  any  other  non-con- 
ductor, the  tin  £ul  would  not  be  affected  by  the  contact  of  A  ynih  the 
cxtzemity  B. 

(2.)  Bring  the  extremity  C  of  the  conductor  at  the  distance  of  obout 
hdf  «n  inch  from  the  tin  foil ;  hold  Che  excited  stick  of  scaling  wax  A 
at  about  the  same  distance  from  the  extremity  B  ;  then  T  will  be  elee- 
tnfted  negatively,  which  can  readily  be  tested  in  the  usual  way.  This 
a  an  example  of  electrical  imdMction.  Take  A  away,  and  all  signs  of 
dectzidty  will  have  disappeared  from  the  conductor  B  C.  Here  the 
dectxicity  is  conveyed  or  transmitted  from  the  electrified  body  to  the  tin 
§al  through  the  air,  and>not  by  the  contact  of  the  conductor  with  the 
deetiified  body.  Electrical  induction,  then,  takes  place,  when  electricity 
is  davaloped  by  one  body  in  another  at  some  distance  from  it.  The 
phenomena  here  exhiUtcd  may  be  explained  as  follows :  — 

The  negative  electricity  on  A  repels  the  negative  electricity  in  the 
conductor  B  C,  and  attracts  its  positive  electricity ;  the  consequence  i^ 
the  cqnilibrium  of  the  two  fluids  in  the  conductor  is  destroyed,  the  neg- 
ative fluid  flies  towards  the  extremity  C,  and  the  jMsitive  fluid  is  at- 
tncted  towards  the  extremity  B.  Ilcncc  the  tin  foil  is  first  attracted 
towards  C,  and  then  repelled  from  it.  And,  upon  'vi-ithdra^'ing  the 
conductor,  the  tinflft  will  remain  electrified  negatively.  To  prove 
this,  bring  an  excitco^ick  of  sealing  wax  towards  the  tin  foil  T,  mid  it 
will  be  repelled. 

(8.)  Perfonn  the  same  experiment  with  an  excited  glass  tube  A.  In 
this  case  the  extremity  C  will  be  positive,  and  the  tin  foil  uill  be 
charged  with  positive  electricity. 

(4.)  Repeat  Exp.  2,  and  before  taking  the  electrified  scaling  wax  A 
away.^rsf  touch  C,  and  then  take  A  away ;  the  conductor  will  remain 
positively  electrified,  which  will  be  shown  by  its  now  attracting  T.  If 
we  touch  the  extremity  B,  the  conductor  will  remain  electrified  nega- 
tively. 

These  effects  may  be  readily  explained.  When  we  tooch  the  ex- 
tremity C,  we  take  away  the  free  negative  electricity,  and  then  when  A 
is  token  away  an  excess  of  positive  electricity  remains  in  the  conductor. 
In  like  manner  when  we  touch  the  extremity  B  wc  take  away  the  free 
positive  electricity,  and  then  when  A  is  taken  away  the  conductor  B  C 
remains  charged  with  negative  electricity.  The  truth  of  these  results 
may  ho  readily  verified  in  the  usual  woy.  Ohsn^c  that  the  tin  foil  T 
win  always' remain  charged  vnXh.  tlie  electricity  of  the  extremity  C  of 
thp  conductor. 

Ekctrical  attractions  are  roadily  explained  urxm  the  ntincinlc  of 


fadnctiro:  br  the  action  of  indactiMi,  die  Ind;  wUdi  Ii  Bttncted  likK 
diffimit  Hate  of  dectzidt^  ban  that  at  tbe  body  cliai8«d  vttk  Ibt 
elccoicitT. 

'  Tatf't  simple  Gaita  Penha  EUitrophorvs, 

10,  Tbe  fiiUoiniiB  ^ipantiu  dqmda  upon  tlie  prindple  tf  indi^ 
twi:  — 

Take  a  tor  tin  plate,  natiiig  cdc  penny;  beat 
tbe  bottom  of  tbe  plan  otct  tbe  flame  of  a  candle, 
and  fix  a  Hick  of  sealing  nax  A,  as  shown  in  Fig. 
\i,  to  in  u]^KT  waUcti  la;  a  ihect  of  gutta 
|iCTcba  (IT  a  sheet  of  woim  Intvn  papa,  as  tbe  caw 
iDSf  be)  upon  a  snooth  taU^  and  excite  the  sheet 
in  the  usual  way ;  place  the  tin  plate  npoo  tbe  taz-  Fig,  IS. 

bee  of  the  gutta  pcrcba,  and,  after  touching  the 
plate  with  the  finger,  LA  it  off  the  gutta  percba  bj  means  of  the  inm- 
lating  handle ;  apply  the  knuckle  to  tbe  tin  plate,  and  a  tpaA  at  pOB- 
tive  dectiicit;  will  be  Tccdved.  lliis  maj'  be  repeated  for  about  a  hnn- 
dnd  times,  without  any  souible  diminution  in  tb«  att  of  tbe  ipaA. 

Here  the  Mction  of  tbe  gutto  pcrcba  generates  negativa  dectiicitj; 
and  tbercfore,  when  we  touch  the  plate,  we  take  awaj  a  ccTtain  portiai 
of  nc^tiTeelHrtricity  fiom  it,  and  coosequently,^^^  tbe  plate  iaiaiiad, 
it  must  contain  an  excess  of  pcmtive  electricity.  ^ 

In  order  to  give  a  continuous  charge  to  a  conductor,  place  tbe  inm* 
lated  tea  tray,  rppretcnted  in  Fig.  9,  diiectly  aboie  the  edge  cf  the 
plate  A  of  the  electropborus,  so  that  when  the  plate  is  lifted  off  tb* 
Sheet  of  gutta  percha,  it  shall  strike  against  the  edge  of  Ibe  tea  tiay. 
In  this  way  a  rajad  succession  of  spatks  will  be  trammitted  to  the  tea 
tray,  which  will  consequently  become  powerfully  charged  with  poaiti** 
electricity.  An  electrical  jar,  having  ita  knob  placed  near  to  the  cdp 
of  tbe  tea  tray,  will  be  mod  cbaiged  with  positiTe  dectridty. 

11.  By  means  of  this  dectiophorut,  tbe  following  demooatntiia  as- 
perimoitB  may  be  readily  peribrmed :  — 

To  (A<ni>  that  voinltd  eondtietor*  draw  ag  tUttrieily  from  «n  tltetrj/lti 
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hoip :  Place  a  eommon  toasting  fork  upon  a  dry  wine  glan,  as  shown 
in  Irlg.  16 ;  bring  the  electxiflcd  plute  of  the  clcctrophorus  near  to  the 
inintA  of  the  fork,  then  a  spark  may  be  taken  from  its  opposite  extremity-. 
To  exhibil  electrical  induction  and  conduction :  Pluco  a.  |M)ker  upon  a 
dry  wine  glass,  as  shown  in  Fig.  17  ;  touch  one  extremity  of  the  poker 
with  the  electrified  plate  of  the  electniphorus,  and  a  spark  may  be  re- 
«b«d  from  the  qppoeite  extremity,  thereby  showing  that  the  iron  is  a 
coadnctor  of  electricity. 


Fiff.  17. 

To  show  the  induction  of  electricity  in  this  case,  bring  the  electrified 
plate  of  the  ekctrophonis  near  to  one  extremity  D  of  the  poker,  but  not 
so  near  as  to  transmit  a  spark  ;  then  a  spark  of  positive  electricity  may 
be  received  from  the  opposite  extremity  C. 

7%r  tin-foil  needle  electroscope.  —  In  order  to  render  the  law  of  indue- 
tioQ  more  apparent,  construct  an  electroscope  A  P  J.  (Sec  Fig.  17.) 
Take  a  strip  of  card  paper  A  F  B  about  six  inches  long,  and  half  an 
inch  wide ;  attach  narrow  strips  of  tin  foil  to  the  extremities  of  the  card 
paper,  by  means  of  insulating  knobs  of  M.>oling  wax,  and  balance  the 
card  ^aper,  on  a  small  indentatbn  made  at  its  centre,  on  the  point  P  of 
a  pin  passed  through  a  cork  and  placed  on  the  top  of  a  wine  glass  J. 
With  the  view  of  adjusting  the  balance,  two  small  rings  of  Indian  rub- 
ber arc  placed  on  the  card,  one  on  each  side.  This  will  form  a  delicate 
dcctroseope,  which  may  be  used  in  conducting  some  interesting  exixai- 
ments  hereafter  to  be  described. 

Bring  the  strip  of  tin  foil,  of  this  electroscope,  near  to  the  one  extrem- 
ity of  the  poker,  (see  Fig.  17,)  and  then  brinp  the  insulated  plate  of 
the  electroscope  near  to  the  other  extremity,  and  the  needle  Arill  be  de- 
flected, the  tin  foil  beinj?  electrified  with  positive  electricity  :  touch  the 
extremity  C  with  the  finger,  then  take  awny  the  plate  of  the  clcctropho- 
rus and  the  needle  of  the  electroscope  "^ill  return  to  its  first  position ; 
for  the  poker  will  be  left  in  a  negative  state  of  electricity,  while  the  tin 
Sail  of  the  electroscope  will  be  in  a  positive  state ;  and  so  on  to  other 
tzpsimtnta  of  this  kind,  illustrating  the  great  law  of  electrical  inductiau 
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A  fmarkable  ca$e  of  indtutitm.  —  Plaee  a  rhaII  tea  tny  T  upon  t 
dry  wine  glasB  J,  and  upon  this  tray  place  the  ekctraacope  just  daenbe^ 
as  shown  in  Fig.  18 ;  charge  the  tea  tray  T  with  poMtiTe  electricity,  by 


Fig.  18. 

means  of  the  electiophonis,  described  at  page  220 ;  then,  because  the 
tin  foil  C  B  is  insulated  by  the  action  of  induction,  the  lower  extremity 
C  will  be  negative,  while  the  upper  extremity  B  is  positiye.  Touch  the 
upper  extremity  B  of  the  tin  foil  C  B,  and  it  will  remain  charged  with 
negative  electricity ;  now  bring  the  hand  over  the  tray,  near  to  the  ex- 
tremity C  of  the  tin  foil,  and  it  will  be  instantly  repelled,  giving  the 
appearance  of  the  hand  as  being  negatively  electrified,  which,  in  £Kt,  it 
really  is  from  the  induction  of  the  tray  T. 

To  electrify  a  tin  j>kUe,  either  negatively  or  pontiv€ljf,  by  fMtau  of  tht 
electrophonta,  —  (1.)  Place  the  tin 
plate  A  upon  a  dr>*  wine  glass,  (see 
Fig.  19 ;)  charge  the  plate  B  of  the 
electiophorus  positively,  after  the 
manner  described  at  page  220,  and 
bring  it  near  to  the  insulated  plate 

A,  (without  allowing  a  spark  to' 
pass  from  the  one  to  the  other;) 
touch  the  plate  A,  and  a  spaik  of 
positive  electricity  will  be  received 
from  the  inductive  action  of  the 
plnte  B :  first  take  away  the  knuc- 
kle, and  then  take  away  the  plnte 

B,  and  the  plate  A  will   remain  Fig,  19. 
charged  with  negative  electricity.  • 

(2.)  To  electrify  the  insulated  plate  A  poiitiTdy,iimpljtcxieh  it  litt 
the  ohiagad  plaia  B  of  the  daetraphania. 
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n  mrUUT  Otf  Amm^  baUt.  —  Put  a  few  small  pith  ballt  into  the 
pltte  A,  (see  Kg.  19 ;)  bring  the  electrified  plate  B  over  them,  as  shown 
in  the  ligiirc»  and  they  will  appear  to  jump  up  and  down. 

Tke  tUetrie  b*IL —  Place  a  damp  wine 
gla»  C  (as  shown  in  Fig.  20)  near  to  the 
insulated  plate  A ;  suspend  a  small  brass 
ball  or  button  D  from  a  dry  silk  thread 
between  the  glass  and  the  plate;  elec- 
trify time  alter  timo  the  plate  A  by 
means  of  the  eleetvophonis;  and  the  ball 
D  will  oscillate  betimn  the  plate  and 
the  glass,  thereby  producing  a  tinkling 
sound. 

The  eiectrical  pendulum.  —  This  instrument  is  repiesented  in  Fig.  21. 
A  and  B  are  two  insulated  plates ;  the  one  is  charged  with  positive,  and 
the  other  with  negative  electricity ;  E  F  is  a  strip  of  card  paper,  having 


Fiff.  20. 


Fiff.  21. 

• 
a  pin  P  passed  through  it,  and  a  piece  of  pith  E  attached  to  its  upper 

extremity  by  means  of  an  insulating  knob  of  scaling  wax  ;  the  pin  1*  of 
the  pendulum  E  F  is  supported  on  the  edges  of  two  wine  glasses,  which 
are  not  shown  in  the  cut  The  apparatus  Is  adjusted  so  as  to  allow  the 
inMilatcd  pith  E  to  oscillate  between  the  edges  of  the  plates  A  and  13. 
With  the  view  of  causing  the  lower  extremity  F  to  prq)onderate,  a  small 
sliding  ring  of  Indian  rubber  is  placed  on  the  |)ortiou  P  E  of  the  pcn- 
dnhnn. 

The  eUetrieai  hammer,  —  l*his 
rfofle  ]rfece  of  apparatus  is  rep- 
resented in  Fig.  22.  Here  the 
pendulum  E  F  of  the  apparatus 
Just  described  is  supported  in  a 
horiavrntal  position  in  the  man- 
ner already  descnixxi ;  the  pith  ^^9*  22. 
kndb  E»  in  this  case,  oscillates 
betwwn  the  eUctrified  plate  A  and  a  oonduotor  D. 
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Tatet  c\etnea.l  rev6*ct*r,  — Tliin  simnle  and  intcrc^inp  pic2C  of  nppa- 
ralus  is  rcj^rcscntal  in  Fig.  '2'J.  T  ar.d  E  ar.'  two  insulated  jlatcs  charged 
"With  dilTiicnt  kinds  of  d  vtri?  ty,  (K'jp.  222;)  A  IJ  J  L»  the  tin  Icil 
electroscope,  described  at  i>agc  221,  Xilaccd  betwccii  the  cicctrilicd  plates 


Fig*  23. 

E  ar.d  F,  so  that  the  lower  extremities  of  the  strips  of  tin  foil  may  nearly 
touch  the  plates  E  and  F.  "NVhcii  the  plates  are  elccOrilicd,  the  electrical 
noodle  A  B  rapidly  revolver  upon  its  centre  P ;  the  plates  charge  the 
insulated  strips  of  tin  io'l  a.^  they  pass  thenu  so  that  the  plates  attract 
tlio  strips  of  till  foil  when  they  are  on  one  tidi?,  and  repel  them  li'hen 
they  are  on  the  other  side.  The  charpe  of  the  plates  must  be  from  time  to 
time  i-pncwed.  Th?  actio:i  of  the  instrument  is  improved  by  placing  a 
conducting  knob  (i  midwoy  between  the  two  plates  E  and  F,  to  as  to 
discharge  the  electricity  of  the  strips,  as  they  pass  the  conducting  knob. 
All  the  apparatus  "wc  have  hitherto  described  may  be  easily  construct- 
ed, at  a  very  small  cost,  by  any  person  of  ordinary  skill  and  patience. 


ELECTRICAL   MACOINES. 

12.  Electrical  machines  arc  used  for  generating  electricity 
by  friction  on  a  large  sc;»le.  They  consist  of  three  leading 
parts.  The  rubber  is  n  soft  hair  cushion,  covered  %Yiih  leather 
or  with  some  substance  which  readily  generates  electricity  by 
friction.  The  body  on  which  the  rubber  act.*?  is  either  n  glas9 
ajlinder  or  a  circular  glass  plote,  which  turns  upon  an  axis. 
The  receiver  of  the  electricity  is  called  the  prima  conductor; 
it  is  a  thin  brass  cvlindiT,  or  a  brass  rod,  mounted  on  a  plae8 
pillar,  or  some  in>nl.itini»  m:i!ori:il.  Tiie  action  of  an  elcctri- 
cal  machine  is  simply  this :  the  glass  cylinder,  or  the  glass 
plate,  as  the  case  may  be,  upon  being  turned,  rubs  against  the 
cushion,  and  thereby  geneiates  electridtj  upoa  the  satftoQ 
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Fig.  24. 


of  the  g1a5»,  wbich  is  continually  carried  round  to  the  prime 
conductor. 

The  common  Cylindrical  Machine. 

13.  Hg.  24  rqirescnts  an  electri- 
cal machiuc  of  this  kind,  llic  glasa 
cylinder  A  B,  which  rests  on  an 
asus  passing  through  C,  is  mad?  to 
lerolTe  by  means  of  the  wheels  C 
and  D  connected  by  a  band,  the 
wheal  D  being  turned  by  means  of 
the  handle  U ;  the  cu&hion  II,  which 
mfaa  against  the  cylinder,  is  mount- 
ed on  a  glass  piUar  I,  which  slides 
in  a  groove  at  the  foot,  for  the  pur 
poM  of  adjusting  the  pressure  upon  the  cylinder ;  the  chain  K  L  con- 
nects the  cushion  with  the  ground ;  a  flap  B  of  varnished  silk  x>os8es 
firom  the  cushion  over  tlic  cylinder,  for  the  purpose  of  prertniting  the 
escape  of  the  electricity  into  the  air ;  the  prime  conductor  M  N,  mount- 
ed on  the  glass  pillar  O  P,  has  a  row  of  points  projecting  from  the  ex- 
tremity M,  and  coming  nearly  in  contact  "with  the  surface  of  the  gloss 
cylinder.  As  gla.«s  Is  liable  to  collect  moisture  on  its  surface,  it  is  usual 
to  cover  all  the  insuLiting  pillars,  as  well  as  all  those  parts  of  the  cylin- 
der which  do  not  touch  the  cushion,  with  a  coating  of  varnish,  which 
has  a  higher  insulating  property  than  glass. 

Fig.  25  shows  the  construction  of  the  cushion ;  where  II 
is  the  rubber,  with  an  adjusting  spring  fixed  behind  it,  for 
keeping  'it  continually  pressed  against  the  cylinder ;  K  the 
brass  knob,  or  ball,  for  attaching  the  chain. 

Fig.  20  shows  the  form  of  the  row  of  points  attached  to 
the  prime  conductor. 

When  the  cylinder  is  tiuned  round  by  the  handle  R,  pos- 
itive electricity  is  generated  on  the  surface  of  the  cylinder, 
and  negative  electricity  on  the  cushion.  The  latter  is  car- 
ried off  by  the  chain  to  the  ground.  The  positive  dectri- 
ciry  is  carried  round  to  the  points  of  the  prime  conductor, 
where  it  acts  by  induction  on  the  natural  electricity  in  the 
conductor  —  that  is,  by  attracting  the  negative  fluid,  and 
repelling  the  positive.  The  negative  fluid,  escaping  by  the 
points,  unites  with  the  positive  fluid  on  the  cylinder,  and 
tliereby  restores  the  surface  of  the  cylinder  to  its  natural 
ttate.  so  that  when  it  arrives  again  at  the  rubber  it  is  pre- 
pared for  another  charge  of  positive  fluid ;  at  the  same  time      A'g*  lA^ 
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til!' |iriiiii-  tiiiKlitt'iiiT  L<  li-ft  thaTtiMl  vith  pomtiTa  dcctridtr.  Ac^^ 
i;..:  i*<  lilt-  li.'.-irv.  thi-  ii<'i:;itivc  cLnRicitv  of  the  condudor  it  em- 
I.;. ■,...!;  11*1".:. ,T  -.if  1>y  lliv  ili;iiii  iittai'hcd  lo  the  cushion,  which  Kt- 
!:,!.i.v  k-;-  l!:i'  c'lmlui-tor  ihwjttd  with  poutive  cleclriciljf,  Br 
■!■'..  i.ii.^  v.i'i'i.iii  fp'Tit  ilw rii'liiiin,  and  placing  it  on  the  prime  etc- 
•ti,  •■■r.  »i  iin-  uM"-  vi  i-li;ir:,i'  lliis  cushion  with  luvatire  c^cctritdiT. 

Wi'li  i!i.'  \i<  will'  iiit-n.'u-'iii!;  ihv  cllicicni-y  of  the  machine,  thecutk 
i  .;i  :-.  iinrri't  »i:'.i  ii:i  ;iiiiiiLL:aiii  i>f  itinp  uiid  tin.  Anxirdiiu;  to  Snfa. 
i:  '••I  i-iti,p-i;i'iii  «{  tin:  aiiiul:;am  ii  two  pans  liy  weight  of  zinr,  «m 
<■■:  '.::.,  Mi-\  -a  ft  iiiin-uir.  The  mercury  is  adiW  to  the  mixtun  tt 
t!i '  /.-.If  iimI  t::i  nli<:i  in  a  tliiid  Ftalc,  oiiil  the  whole  is  thm  tbakcs  is 
:i  Hi.iiil'  :i  \i.x  iit.til  ii  i*  MiliI :  i;  Ls  thrn  rcduntl  to  n  powder,  and  mini 
Mi-li  it '•i;;!:>  i.  t.;  i(ii:inii(y  »f  liinl  In  n-diirc  it  to  tlip  conxittcncy  (^ fwae. 
A  ti.iii  'iiilij::;  -il'  l!  -  pi-fi-  U  ■'prcnd  «vtT  ihr  (-ii^hioti;  but  lefott  tlii 
1-  ■<  :i  ,  !.:i  i!v  I  III-  .■!"  ilii-  taui'liiiic  ►lioul<l  !«■  t.iTtfiilly  clramd  ai 
v.-:::,i  ■'..  li:  i. !,  -;  ..•*  iiuil  lims  nn'  readily  tukt^  from  the  i;lass  by  ip- 
I  '.\  :!■■.:  :i  r.i-  •[.■,■■  ■•[  i]i  nniiir-  (if  vHiir;  ami  tliP  ctHrimcy  of  the  mKhiM 
I-  ::i:.iy  j.i..!ii.itiil  I  y  Nfi'viiiR  i\itli  the  liaud  a  piece  of  leatJur  «qt« 
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n  wUeb  thn  machins  acts  ii  prediely  ths  lame  u  that  of  the 
n  cylitubieal  machine.  Thu  machine  ii  more  powerful  than  the 
eylindtical  enei  but  the  difficulty  of  iniulating  the  rubben,  ao  aa  to 
obtain  the  negative  Suid,  is  certainly  an  objection  to  it. 

n*  Hnritm  flat*  muAt'iw,  repre- 
■Bited  in  £1g.  SB,  fully  remedies  this 
dideieDcy  in  the  common  plate  ma- 
shiBe.  The  glan  plate  ii  fixed  to  the 
■Mb  D ;  the  two  cnahioni  are  ininlatcd 
«B  gUM  pillan  E  end  F ;  C  B  C  is  the 
bent  ana  <tf  the  prime  conductor,  armed 
irith  pointa.  and  insulated  on  the  f\aii 
piUar  O ;  in  oidiT  to  connect  the  tush- 
iom  witli  the  ground,  there  ia  a  bent 
SC  Kmidieulal'  conductor,  similar  to 
C  B  C',  pnceedtDg  fmia  the  axis  at 
D,  and  reaching  to  the  bolla  of  the  two 


■Whm  it  is  required  to  chatp;  thu  Fig,29. 

conductor  B  irith  negative  electricity, 

the  semicircular  rod  C  Ji  C  is  moved  into  a  horizontal  position,  thereby 
Iringing  the  points  opposite  to  the  two  cushions ;  at  tho  aamc  time  the 
other  semicircular  rod,  on  the  opposite  side  of  the  plate,  is  moved  round 
Into  a  "nstinal  josition,  thereby  bringing  its  points  at  the  top  and  bottom 
parts  of  the  plate. 

Fig*  20  represcikta  another  fonu  of  the  pl&te  machine ;  where  C  is  the 
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rlz::  conductcT.  mtrjiitid  on  tlie  flan  jnUnr  K ;  Q  G  the  glaa  plitt ; 
l:.:  vinifh  ;  1)  It  the  cuthioos ;  S  ti'  ih::  flnpi,  &c. ;  Jj  a  quadroat  dcf- 
'<::'.>■.«;  inserted  i::  ibc  conductci,  to  d-lainiiic  Ihc  quantity  of  do 
iv.ty  nith  viMi.h  it  n:3y  Lc  dt&Lboisnl;  and  aa,  bb  an  oppiuDtli*  Hi>> 
c-'.d^  fioiu  the  ccnuuucr  to  illusoaic  the  piuudplc  of  "li^-triml  Ltntc- 
<a  and  npul^ioo. 


APrENDAGES   TO    ELECTRICAL  UACHIXES. 


IS.  Tie  imii'jfiaj  im\  rTW3CateJ 
ia  fig.  30.  um>iiti  of  a  loard  of  hard, 
xrcU-baktd  wood,  Fuppcncd  on  gtafi 
1^  covered  with  vnmith.  It  is  nsiiful 
fcr  umdAiins  any  Lody  cha>^  with 
e!cctridiy :  lor  iiutancc,  a  pcnaa  may 
itandupon  tli?  stool  and  hcxsnccluirg.:!!  fVi.  50. 

\tith  (Icctiitity,  upon  licii:^  put  in  ton- 
i-.mtlon  with  the  prime  ctnuiuticr  of  the  rlettricnl  machiTic. 

l>iteAai\/iuj  ro-.'t  arc  lr,v«  tixl*  tcrminalin!;  with  ballm  or  with  poiiltl 
£xid  to  elau  handler  AVith  these  tnd-i,  (l»:iiitiiy  may  be  taken  lian 
a  conductor  without  allowing  lbs  clcotiicol  charge  to  pass  through  tba 
Lody  of  the  operator. 

Fig.  31  rcj'icscnts  ■  comtnon  di^rhajgcr ;  trhcTa  A  is  the  clun  tiiniiif, 
C  Ij  D  the  Iran  lod,  C  and  B.thc  bolls. 


Fig.  33  repmcntl  n  double-handled  jointed  diseharpr ;  irhcre  A  and 
B  arc  the  glon  handles,  E  the  joint,  ftc. 

T^Ltjldtnjar  cotuiitiof  a  elan  cylinthr,  mrido-moutlKdltltllAK 
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(ft«  fig.  31,)  both  inrfkcefl  of  which  are  coated  with  tin  foQ  op  to  about 
three  inches  of  the  top.  The  coating  of  tin  foil  on  the  outride  of  the 
bottle  ia  called  the  outer  coating ;  the  other,  on  the  inside,  is  called  the 
iniker  oosting.  Electricity  is  transmitted  to  this  coating  by  means  of  a 
BiflUl  rod  K  a,  tcnninated  at  the  upper  extremity  by  a  knob  K,  and  at 
the  lower  extremity  by  a  chain  which  comes  into  contact  with  the  inner 
coating  of  the  jar.  The  rod  is  fixed  by  passing  tightly  through  a  wooden 
phig,  which  fits  firmly  into  the  neck  of  the  jar.  Those  portions  of  the 
glass  which  are  not  coated  with  the  tin  foil  are  covered  over  witli  a  thick 
coating  of  wax,  to  prevint  a  reunion  between  the  electricity  of  the  outer 
catling  and  that  of  the  inner  coating.  When  the  jar  is  to  be  charged,  it 
ii  held  in  the  hand  by  the  outer  coating,  and  the  knob  K  is  brought  near 
tD  tlie  conductor  of  the  electrical  machine.  While  spark  after  spark  cf 
pmdve  electricity  enten  the  jar,  the  positive  electricity,  on  the  principle 
of  induction,  is  driven  off  from  the  outer  coating ;  so  that  while  the 
inner  coadng  becomes  charged  with  positive  electricity,  the  outer  coating 
becomes  charged  with  negative  electricity  in  a  manner  which  will  be 
hereafter  more  fully  explained.  When  the  jar  is  to  be  discharged,  the 
operator,  holding  the  discharging  rod  by  the  glass  handle  A,  brings  one 
knob  C  in  contact  ^nth  the  outer  coating,  and  then  gradually  brings  the 
other  knob  D  near  to  the  knob  K  of  the  jar ;  the  reunion  of  the  two 
fluids  (the  positive  from  the  inner  coating,  and  the  negative  from  the 
outer  coating)  takes  place  between  the  two  knobs  D  and  K  with  a  bright 
wpnk  and  a  snapping  noise. 

The  uHiveraal  discharge,  represented  in  Fig.  33,  consists  of  a  dry  deal, 


Fiff.  33. 

oo  which  two  glass  pillars  A  and  B  are  fixed ;  two  brass  rods  a  b  and 
a  b,  capable  of  turning,  on  a  ball  and  socket  joint,  in  any  direction,  and 
alio  capable  of  sliding  in  the  top  balls ;  the  knobs  a  a  are  applied  to  a 
wooden  table  t,  which  admits  of  being  raised  or  depressed  by  means  of 
an  adjusting  screw  v ;  a  narrow  strip  of  ivory  is  inlaid  across  the  table ; 
the  knobs  a  a  may  be  screwed  off;  and  replaced  by  points  or  by  forccpa. 
TUi  piece  of  appuatus  ia  nrach  wed  Ibr  poong  Strang  cha^ 

tMtf  throngh  any  labitanotb 
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l^a  guadrtnt  rlntrometer.  ^  Thii  iiu 
iiulicatrnq  tiio  quantity  of  ctpctrLitr  accumulated  in  thd 
pime  cnndiictnr  of  thi^  machine.  Il  njiuJMJi  of  a  vertical 
rtcm  or  nxl.  which  s-Iinii»  of  bcinc:  itucrtcd  in  ■  hale  mute 
in  the  piiinc  conductor ;  In  the  ride  of  ttii«  Mem  i*  fixed  & 
gnduatcd  quadnu:t,  cBm'tus  ft  liiclit  ncollc  or  tod,  termi- 
nated by  a  pith  ball ;  this  U^'ht  needle  turns  on  a  piTot  O 
fixed  ilk  the  centre  of  the  qundraiit.  ^^'hen  tlie  m 
not  in  aetiun,  the  Ii;:ht  iiL-edli'  huii)^  pnmlld  to  Ihe  vcrtieal 
stem ;  but  vlicn  the  miithiiic  is  workeil,  the  needle  it  repelled  from  th* 
ctem,  and  the  )ici:;ht  ti>  wluih  it  a.<eriiits  iudicnta  the  amount  of  cUc- 
tricity  accumulated  in  the  prime  cmiductor. 


IC     A   FETC   J:ASY    KXl'ERIMKNTa   VITU   TIIH;  ELECTRICAL 
JIACIIINE. 


Exp.  I.   AVork  the  machine ;  bring  your  knuckle  near  to  the  prim* 
eonductor ;  a  vivid  and  inatauUneous  Hash,  accompanied  with  a  Eup> 


SLECTBZCITr.  231 

l^big  iKMe^  ptMes  between  the  eooductor  and  your  hand,  which  produces 
ft  ilightly  painltd  aensatkm :  this  is  the  electric  spark. 

A  vptak  will  be  comimmicatcd  to  any  conductor.  Hold  a  stick  of 
lealing  wax,  or  any  other  nQn*oonductor,  to  the  prime  conductor  i  no 
^ark  will  be  zeeeiTed. 

Exp.  2.  Fix  the  quadrant  electrometer  on  the  prime  conductor ;  work 
tha  machine,  and  obacrve  to  what  height  the  pith  ball  ia  repelled.  Hold 
the  point  of  a  aewing  needle^icar  to  the  oonductor :  the  pith  ball  of  tha 
elactroaoope  instantly  fidla.  Take  sparks  irom  the  conductor :  the  pith 
ball  ftU*  at  the  instant  each  tpaxk  is  taken. 

Expo  3.  Let  a  boy  stand  on  the  insulating  stool,  and  let  him  place  one 
of  his  hands  on  the  prime  conductor ;  work  the  machine ;  take  sparks 
tvBL  his  body :  see  how  he  winces  from  the  smarting  smsation  they 
produce,  especially  when  taken  through  his  clothes  I    (See  Fig.  35,) 

Exp.'  4.  Charge  a  Lcyden  jar  fully,  and  discharge  it  with  the  jointed 
discharging  rod :  see  what  a  vivid  spark  it  gives  ! 

Charge  the  Lcyden  jar  (with  about  half  a  dozen  sparks ;)  grasp  the 
outer  coating  \i-ith  one  hand,  and  touch  the  knob  with  the  other.  The 
electric  fluid,  in  passing  through  your  body,  gives  you  what  is  called  an 
tUetrie  shock. 

Let  a  few  boys  form  a  ring  by  taking  hold  of  each  other's  hands :  let 
the  first  boy  in  the  ring  grasp  the  outer  coating  of  the  charged  jar,  and 
let  the  last  boy  touch  the  knob :  Instantaneously  all  the  boys  in  the  ring 
will  recdve  a  shock. 

ELECTRICAL    ATTRACTION   AND   REPULSION. 

17.  This  subject  has  been  fully  explained  in  the  prelimi- 
nary portion  of  this  work,  in '  relation  to  a  numerous  class  of 
simple  experimental  facts.  But  the  electrical  machine  ena- 
bles as  to  exhibit  the  various  phenomena  of  electrical  attrac- 
tion and  repuUion  in  the  most  striking  manner. 

Erp.  1.  BepuUum  of  eUetr{fied  threads.  —Take  a  skein  of  linen 
thicada,  and,  after  tying  them  together  at  each  end,  suspend  them  from 
the  prime  conductor  of  the  machine.  ^\Ticn  the  handle  of  the  machine 
is  turned,  the  threads  will  become  electrified,  and  wUl  repel  each  other, 
m  that  they  will  awcU  out  in  the  middle,  forming  a  figure  resembling 
the  meridian  linea  on  a  gk)be.  .    . 

Exp.  2.  The  frigktmuA  hsad  of  hair.  —  Fix  a  doll's  head  of  hair  m 
theprimt  conductor :  work  the  machine,  and  the  hairs  will  appear  to 
stand  on  ad,  ftom  their  mutual  repulsion,  presenting  an  exaggerated 
ippeuance  of  a  pcnon  in  a  fftite  of  fright. 
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Present  a  pointed  rod  to  the  baizB*  snd  they  will  iirnnndlitriy^ol* 
lapv. 

A  bunch  of  large,  downy  feathers,  inserted  into  the  hole  of  the  priim 
conductor,  "will  present  a  fdmilor  appeomncc. 

Exp,  3.  The  electrical  dance,  —  In  this  experiment,  ft  metal  plate  ii 
suspended  by  a  chain  from  the  prime  conductor ;  a  few  inches  below  this 
plate  another  plate  is  placed  in  connection  with  the  earth ;  and  some 
light  figures  are  placed  upon  the  bottonv  plate,  as  shofwn  in  Fig.  36. 
AVhcn  the  machine  is  worked,  the  figures  appou  to  danoeb  or  to  jump  op 
and  down,  from  the  one  pLote  to  the  other,  in  a  Tery  grotttquc  mannfr^ 


tll«»»i'V»i:i^' 


Fiff,  36. 


Fiff,  37. 


Exp.  4.  The  dancing  baUt,  —  Here  a  nxmiber  of  cork  or  pith  balls  are 
placed  upon  a  metal  disk  F  (Fig.  37)  communicating  with  the  ground, 
and  the  whole  of  them  are  covered  with  the  glass  bdl  B,  whose  upper 
part  is  open,  and  provided  with  a  collar  of  leather,  through  which  a  rod 
R  D  passes,  carrying  at  its  lower  extremity  a  metal  disk  D.  By  this 
construction,  the  upper  disk  D  can  bo  placed  at  any  convenient  Ais^^n^ 
from  the  lower  disk  P.  The  ring  H.  of  the  rod  is  put  in  communicatifla 
with  the  prime  conductor,  so  that,  when  the  machine  is  'vi'orked,  the  balli 
are  attracted  by  the  plate  D,  and-  then  repelled  from  it,  being  charged 
with  positive  electricity  ;  now,  when  they  touch  the  bottom  plate  P,  the 
electricity  is  token  fixmi  them,  and  they  are  thus  prepared  to  be  again 
attracted  by  the  plate  D,  and  so  on. 

We  may  make  this  ocperiment  in  a  more  simple  manner  by  using  ft 
glass  tumbler,  (Fig.  38,)  whose  interior  surface  has  been  electrified  by 
touching  its  different  parts  with  the  pointed  extremity  of  a  metal  rod 
fixed  in  the  conductor  of  an  electrical  machine  in  actum.  The  ^as  fa 
then  imncrted  upon  a  tables  over  a  lot  of  pith  bella;  the  btfb  limnedirtl^f 
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h^n  tn  iann,  Mn|;  altemolEly  sttroctcd  and  npeQed  by  tlw  electric 
fluid  on  the  iutcrko;  gurlace  of  Ac  glass,  as  ahowa  in  l''ig.  38, 
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Eip.  S.  The  tUctrieal  bel'i.  —  The  alternate  attraction  and  rcpulmon 
of  elcctrifietl  bodies  U  beautifully  illustrated  in  this  piece  of  apparatus, 
which  is  of  some  importance,  inasmuch  as  it  is  fmjumillj'  pmploycd  in 
tropical  countries  to  detect  the  presence  of  an  elcctrilicd  cloud.  A  glass 
jnlLir  supports  two  mL-tal  rods  A  B  and  C  D,  from  which  four  bells, 
A'  IJ'  C  D',  ore  suspended  by  chains.  A  central  bell  O,  ut  tlie  foot  of 
the  g\ii£a  pillar  E  F,  is  placed  on  the  wooden  stand  K ;  a  chain  G  K 
rannccts  Ih'j  bell  with  the  ground.  From  the  e.ttremitica  of  the  lodt 
A  B  and  p  D.  four  email  brass  balh  H  H  arc  suapcnded  by  rilken 
threads.  When  the  machine  ia  in  action,  the  cnss  rods  are  put  in  con- 
nection with  ths  prime  eonductor,  and  the  four  bolls  A'  R'  C'  V  become 
durpd  with  dcclricity,  and  consequently  attract  and  repel  the  inffllat- 
•d  balls  H  n.  WTicn  the  balls  H  11  ace  repelled,  they  strike  the  beU 
Q,  to  which  they  give  up  the  electricity  they  received  from  the  electri- 
fied beDs,  and  this  electricity  is  carried  off  by  the  chun  G  K.  The 
tinkling  noise  tbus  produced  will  continue  so  long  as  electricity  is  sup- 
liied  to  the  bells  A'  B'  C  D  . 

Tig.  40  represents  a  simpler  apparatus  of  this 
Und,irbere  tbebells  are  hung  from  a  brass  rod  A  B, 
x^ch  may  be  suspended  from  the  prime  conductor. 
In  this  form  of  the  apparatus,  Ibc  central  bell  Ii 
nflpulcd  by  a  silken  thread,  and  ii  connected  irith 
the  [iDund  by  means  of  the  ch;iin  (i  K.  ^  [  vff^  J  ^ 


Exp.  S.    Tht  cledrieat  iKtaic.  —  lliis  con< 
B  snail  strip  of  wood  (see  Fig,  11)  about  a  foot 
i  with  tin  £iU,  and  iii«iil«t*J  oa  a  like  a 
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A  filight  prqiOQdcTance  is  givat  to  it  en  the  tide 
a  mi'tal  baU  m  ut  the  top  of  a.  bma  win ;  p 
is  an  insulstd  moiul  boll.    The  ball  p 
nccted  with  the  iiilirior  coaling  of  on 
cal  jar,  while  m  U  connected  «ith  its  eiterinr      1,-''^''^  I 
coating.     \Vhcn  tlic  joi  is  charged,  the  see- 
Esw  motion  will  immediately  be  produced. 
The  cause  of  this  motion  depends  upon  the 
coimnon  principle  of  electric  attiaction  and 

This  experiment  will  succeed  quite  as  well  b;  simplj 
ball  p  with  Ihe  prime  oonduclot  of  the  machine,  and  the  ball  m  irith 
the  ground.       . 

Ej^.  7.    Tie  flectri/ed  koUt.  —  Hoe  a  little  metal  bucket  B 
a  small   hole  in   its  bottom,  i$  bus- 
pcnded  from  the  prime  conductor  of 
the  electrical  machine.     The  hole  in 
the  bucket  is  so  small  that  the  water 
merely  falls  from  it  in  dropo  when  the 
mochiiu;  a  not  in  action  ;  hut  when 
the  machine  is  worked,  the  wate 
&om  the  bole  in  a  contumous  s< 
owing  to  the  repulsion  which  takes   ■' 
place  among!!  the  particlua  of   the 
electrified  water. 

The  «omo  experiment  may  be  per- 
formed by  inserting  a  siphon  D  C, 
having  a  small  bore,  into  the  water,  as  shown  in  Fig.  42. 

^■imilar  effect  n-ould  be  produced  by  suspending  a  sponge,  ntm 
"    n  the  prime  conductor  of  thee; 


Fig.  a. 


Eip.  B.  Eierlnl 
scaling  WHS,  and  when  it  is  i 
and  bring  the  melted  wax  nc. 
numerous  fine  filaments  of  w 
here  to  it,  forming  upon  it  a  f 
ease  of  electrical  a 


-  Ignite  the  extremity  of  a  Mick  of 
n  n  full  state  of  fUsion,  blow  out  the  Qamt 
tr  to  the  prime  conductor  of  thomochinei 
ax  will  fly  to  the  conductor,  and  will  ad- 
ort  of  network  like  wool.  This  ii  a  smjde 
The  experiment  will  succeed  belt  if  a 
small  piece  of  wax  U  attached  to  the  end  of  a  metal  rod. 

Erp.  9.  Tie  elretn'cal  tirinff  conRlits  of  a  light  figure  placed  upon  a 
swing  formed  by  a  silk  thread.  The  light  figure  swings  betwe^kro 
balls,  erne  of  which  «  insulated  and  put  in  connection  with  the^fane 
conductor,  the  other  ball  bring  put  in  connection  with  the  ground.  The 
principle  of  this  apparatus  is  the  same  as  that  of  the  electrical  Beesaw, 
Exp.  10.    The  eleririealtwan. — In  this  experiment  a  light  p 

eai,  or  any  othn  light  aubnsnoe,  cut  ii     '      ' 
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Id  floal  ui  •  taiii  of  mbet  placed  upon  the  insulated  stooL  The  water 
is  dectzified  by  means  of  a  chain  which  passes  from  it  to  the  prime  oon- 
ductor.  The  little  floating  swan  will  approach  any  non-elecuificd  sub- 
itanoe  that  may  be  presented  to  it. 

In  making  this  experiment,  the  cork  should  be  first 
oompletely  immened  in  water,  to  render  it  a  con- 
ductor of  electzictty. 

.  Exp,  11.  The  electrical  tpider.^Axi  electrical  jar 
L  has  a  ball  6  connected  with  its  exterior  coating. 
What  the  jar  is  charged  with  the  positive  electricity 
of  the  prime  conductor,  any  light  substance,  such  as 
A  lepreMntation  of  a  spider,  suspended  between  the 
a  and  b,  will  oscillate  between  them. 


Fiff.  43. 


LUMINOUS  flFFECTS  OF  ELECTRICITY. 
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THE   ELECTRIC    SPARK. 

18.  When  the  knuckle,  or  a  brass  ball  at  the  end  of  a  rod, 
13  presented  to  the  conductor  of  a  machine  in  full  action,  a 
tpark  is  produced  by 
the  passage  of  the  fluid 
from  the  conductor  to 
the  knuckle.  The 
ftpark  has  a  zigzag 
form,  similar  to  a  flash 
of  forked  lightning.  The  length  and  intensity  of  the  spark 
depend  upon  the  power  of  the  machine.  Sparks  may  be 
taken  from  the  prime  conductor  of  a  very  powerful  machine 
at  the  distanco  of  twenty  or  thirty  inches.  When  the  conti- 
nuity of  a  conducting  substance,  such  as  tin  foil,  is  broken  at 
different  parts,  a  spark  will  be  produced  at  every  place  where 
the  course  of  the  conductor  is  broken.  A  great  variety  of 
beautiful  experiments  may  be  made  to  illustrate  this  principle. 
These  experiments  should  be  made  in  the  dark. 

Exp,  1.  Luminma  epanglet.  —  Sew  a  number  of  tin  foil  spangles  on 
tSUk  riUxm,  about  a  quarter  of  an  inch  apart ;  hold  the  ribbon  by  one 
ft  and  bring  th*  other  near  to  the  pzime  conduotor ;  the  eUo- 
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tiicity,  in  its  passage  from  spangle  to  tpangle^  will  form  a 
of  light. 

Exp.  2.    The  tpiral  tube.  —  This  consists  of  two  glass  tubes,  al 
foot  long,  one  of  which  is  placed  witlun  the  other,    llie  inner  tui 
spangles  of  tin  foil  pasted  on  its  outside  suiiace  in  the  ionn,  of  a 
llie   two    ends    «f     the   tubes   are 

mounted  with  brass  caps.    Hold  the    ^i  ■      ji^,^  .^-Ki.  >'V^  >» 
lube  by  one  of  the  brass  caps;  apply    ^ 
the  other  cap  to  the  prime  conductor ;  ^^9*  45» 

a  beautiful   spiral  stream  of  electric 
light  will  pass  from  one  end  of  the  tube  to  the  other. 

A  spiral  tube,  made  to  revolve  within  an  electrified  hoop  prodi 
splendid  ciTeet. 

Spangles  of  tin  foil  may  be  pasted  on  common  window  glass  so 
produce  various  luminous  devices,  such  as  geometrical  figures,  oo 
"vi-ords. 

Exp,  3.  Iffnition  of  tpiriU  oftcine,  —  Let  a  person,  standing  i 
insulating  stool,  (sec  Fig.  3d,)  lay  one  hand  on  the  prime  conductc 
with  the  other  hand  let  him  hold  a  warm  teaspoon  containing  spi 
^vine ;  let  some  other  periron  present  his  knuckle  to  the  spoon,  ai 
pasMigc  of  the  spark  mlU  cause  the  spirits  to  ignite. 

Exp.  4.  Ignition  cf  ether  on  xcater.  —  Pour  some  water  into  ■ 
glass,  whose  outer  surface  is  perfectly  dry ;  pour  some  ether  on  tl 
of  the  water,  and  connect  the  water,  by  means  of  a  chain,  wil 
prime  conductor  of  the  machine.  Turn  the  handle  of  the  machin 
present  your  knucklcj^  metallic  ball,  to  the  surface  of  the  cthc 
the  electric  qmrk  wiaQfcte  the  ether. 

Exp.  6.    The  electrical  piifoL  —  The  electric  spark  will  readily 
a  mixture  of  hydrogen  and  common  air  to  explode.    The  electria 
tol,  represented  by  Fig.  46,  is  commonly 
employed  for  this  purpose ;  a  is  n  brass  tube,                 b 
or  barrel,  open  at  one  end ;  6  is  a  copper  p 


face  of  the  opposite  side.     Hold  the  mouth  JFV^.  46. 

of  the  pistol  over  a  stream  of  hydrogen  gas, 
proceeding  from  a  pipe ;  after  a  sufficient  quantity  of  gas  has  er 
close  the  mouth  of  the  pbtol  -u-ith  a  cork  c ;  take  a  spark  throug 
knob  6,  and  the  cork  T^-ill  be  discharged  vnx)\  a  loud  report,  fro 
explosion  of  the  gas  by  the  passage  of  the  spark  from  the  cxtrem 
the  wire  to  the  inner  surface  of  the  batiel.  In  order  to  avoid  any 
dnit.  the  ocH^  dxwM  be  attached  to  the  pistol  by  a  looM  ftzing; 
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' '  Expm  6.  Igmtion  of  common  gaa,  —  Let  a  person,  standing  on  the 
insulated  stool,  touch  the  prime  conductor  with  one  hand,  and  with  the 
knuckle  of  the  linre  finger  of  the  other  hand  let  him  transmit  a  spark 
to  the  orifice  of  a  gas  pipe  from  which  a  current  of  gas  is  being  dii- 
diMged,  and  the  gas  will  be  ignited. 

Bring  a  candle  with  a  long  snuif,  that  has  just  been  extinguished,  near 
40  tlie  prime  conductor,  so  that  the  spark  passes  from  the  conductor, 
llinrogh  the  smoke,  to  the  candle ;  it  is  relighted. 


DIFFERENT  FORMS   OF  THE   ELECTRIC   LIGHT. 

*  -  19*  The  intensity  of  the  electric  light  depends,  not  onlj 
upon  the  density  of  the  accumulated  electricity,  but  also  upon 
'the  density  and  nature  of  the  gas  through  which  the  spark 
passes.  Thus  the  spark  is  bright  and  short  when  it  passes 
through  dense  air ;  but  when  it  passes  through  rarefied  air  it 
i«  long  and  difiused,  and  of  a  violet  hue.  The  color  of  the 
Bpark  b  also  much  infltf^nced  by  the  composition  of  the  gas 
through  which  it  is  transmitted,  as  well  as  by  the  nature  and 
form  of  the  conductor.  In  this  way  a  great  variety  of  sur- 
prising and  beautiful  luminous  experiments  may  be  performed. 

Exp,  1.    The  electric  light  from  pointe,  —  Place  a  pointed  rod  in  the 
conductor    charged 


with  positive  electricity,  and 
the  electric  light  vnUl  issue 
ftom  the  point  in  the  form 
of  a  brush.  Tr}-  to  take  a 
mpaA  from  the  conductor, 
when  the  pointed  rod  is  at- 
toit. 


Fig.  47. 


-   Hold  the  p<nnt  of  the  rod  towards  the  prime  conductor,  and  a  s/or 
will  be  seen  on  the  point. 

Attach  the  jwintcd  rod  to  the  insulated  cushion,  charged  in  this  case 
with  negative  clectricit}',  and  the  electric  light  ^ill  be  seen  in  the  form 
of  a  star. 

Insulate  the  cushion  as  well  as  the  prime  conductor,  and  attach 
pointed  rods  to  each  of  them,  so  that  the  points  may  be  at  the  distance 
of  fimr  or  five  inches  from  each  other ;  then,  upon  working  the  machine, 
o  brush  will  be  seen  upon  the  point  attached  to  the  prime  conductor, 
while  a  star  will  be  seen  upon  the  other  point,  presenting  the  appearance 
■0  if  the  oooductor  gave  out  its  electricity,  while  the  cushion  received  It. 
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Thcee  phenomena  were  at  one  time  oonndefed  as  strong  aigiixiie&ti  in 
favor  ot'  Frunklin's  theory  of  electricity. 

Jirp.  2.  Passaje  of  the  electric  light  through  rarefied  a*r. -— Fiss 
wire,  terminated  by  a  brasa  ball,  to  the  plate  P  of  an  air  pomp ;  attich 
a  Himilor  bull  (by  u  sliding  wire  A  B)  to  the  top  of  the 
receiver  11,  so  as  to  bring;  the  one  ball  over  the  other,  and 
at  the  distance  of  about  one  inch  apart.  Connect  the 
outer  ball  13  with  the  prime  conductor,  and  the  bottom 
plate  P  ^ith  the  insulated  cu»hion.  Upon  turning  the 
handle  of  the  machine,  a  continuous  stream  of  electric 
light  'Will  pass  from  the  positive  to  the  negative  hnl^ 
AVhile  no  light  Is  exhibited  by  the  positive  ball,  a  beauti- 
ful luminous  atmosphere  entirely  surrounds  the  negative 
boll,  giving  the  appearance  of  a  duid  in  the  act  of  pass- 
ing out  of  tho  one  ball  and  entering  into  the  other.  By 
altering  the  distance  of  the  balls  from  each  other,  differ- 
ent a-^pccts  may  be  given  to  the  electrical  light 

Exp,  3.  T/te  electrical  aurora  boreali*,  —  Instead  of  the  receive  R  of 
the  hist  experiment,  let  a  glass  tube,  aboot  twenty  inches  long  and*  three 
inches  iu  diameter,  be  used ;  and  instead  of  the  two  discharging  balls, 
let  two  points  be  hubstitutcd.  \\lien  the  tube  is  exhausted  of  air,  and 
the  machine  w  worked  in  tlie  dark,  the  whole  length  of  the  tube  will  be 
one  sheet  of  violet  red  light ;  if  a  small  portion  of  air  be  admitted,  nu- 
merous flashes  will  k'^ue  from  the  points,  and  traverse  the  tube ;  when  a 
little  more  is  admitted,  these  flashes  will  appear  to  glide  in  a  serpentine 
manner  down  the  interior  of  the  tube.  The  succession  of  luminous 
phenomena,  in  fact,  bears  a  striking  resemblance  to  the  aurora  borcalis. 

An  aurora  fask,  sold  by  instrument  makers,  answers  very  well  for 
exhibiting  these  phenomena. 

Exp,  4.  ITic  electric  spark  is  blue  when  transmitted  through  nitrogen. 

Exp.  5.  Passape  of  the  electric  light  through  the  Torricellian  tacuvm, 
—  Seal  a  short  wire  within  one  end  of  a  glass  tube  about  32  inchealong; 
attach  a  brass  ball  to  the  external  end  of  the  wire ;  fill  a  dry  tube  with 
mercury,  and  invert  it  in  a  cup  of  mercury ;  a  vacuimi  will  be  ibnned 
in  the  upper  part  of  the  tube ;  connect  the  ball  with  the  prime  con- 
ductor ;  turn  the  machine,  and  a  current  of  violet-colared  light  will 
through  the  vacuum. 


MECHANICAL  EFFECTS  OF  ELECTRICAL  POINT& 

20.  When  the  electric  fluid  discharges  itself  from  a  pmnted 
conductor,  a  reaction  or  recoil  is  produced,  which  may  be 
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ved  to  give  motion  to  certain  delicate  pieces  of  mechanism, 
in  the  same  way  as  fluids  are  employed  in  the  common  re- 
aciion  machines. 

Ej^  1.  The  electrical  ioind, —  Hx  a  pMnted  rod  on  the  prime  con- 
dnctflr;  irask  the  machine;  bring  the  back  of  your  hand'neer  to  the 
pointt  and  you  will  distinctly  feel  the  electrical  wind  proceeding  from 
tibe  point. 

Bring  the  flame  of  a  candle  near  to  the  point ;  the  flame  will  be  cz- 
trngoished  by  the  electrical  wind,  chiefly  caused  by  the  repukion  of  the 
deptrified  air  firom  the  pmnt 

fjp.  2.  The  electrical  fiy  vfheel, — A  metal  croai 
tnnis  on  a  pivot  which  is  flzed  on  the  prime  conduct- 
or; the  points  of  this  cross  arc  all  bent  in  the  same 
diiection ;  when  the  machine  is  turned,  the  fly  revolves 
In  the  directions  of  the  arrows  shown  in  the  figure;  that 
is,  contrary  to  the  direction  in  which  the  points  arc 
bent. 

The  fly  is  sometimes  mounted  on  on  insulated  stand,  as  shown  in 
Fig.  60. 

Erp.  3.    The  electrical  orrery.  —  This  instructive  and  elegant  i)xecc  of 
is  represented  by  Fig.  51;  where   S  represents  the  sun,  E 


Fig.  49. 


^/T^ 


Fiff.  61. 


f^.6(k 


Hm  earth,  and  M  the  moon.  The  earth  and  the  moon  turn  upon  the 
pivot  B,  and  the  sun,  with  the  earth  and  the  moon,  turn  upon  the  pivot 
A,  'niiich  is  placed  in  their  common  centre  of  gravity.  The  point  A  C 
is  flzed  on  the  prime  oonductor.  The  points  a  and  G  are  so  placed  that 
an  tbe  piaoes  revolve  in  the  same  direction  ;  that  is,  from  west  to  east. 

Ejep.  4.    The  eleetrical  indined  plane.  —  Here  the  recoil  of  the  elec- 
trieal  diacfaarge  from  the  points  causes  the  fly  to  roll  up  an  incHncd  plane 
bj  two  niiei  A  B  and  C  D,  supported  by  insulating  piUass. 


Fig.  62. 
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One  of  the  wires  is  ooonected  with 
the  prime  conductor  by  me«D8  of  the 
chain  C  K» 

Exp,  6.  Repuliion  of  a  Point.  — 
Bring  an  inmilat^MJ  point,  connected 
with  the  prime  conductor,  near  to 
the  eLectrical  swan,  (see  Exp.  10» 
p.  234;)  then,  instead  of  being  at- 
tracted, it  will  be  repelled,  lliis  is 
caused  by  the  repulsion  of  the  electrified  air  fiom  the  point. 

On  this  principle,  a  light  paper  wheel  may  be  made  to  lewdtt 
a  pointed  conductor  being  presented  to  its  — il^ 

The  following  remarkable  experiment  depends  upon  the  smi 
ciplc:  — 

Pieces  of  phosphorus  are  put  into  the 
two  metal  cups  A  and  B  insulated  on 
glass  pillan;  a  candle  C  is  placed  ex- 
actly between  them ;  the  cup  A  is  con- 
nected with  the  prime  conductor,  and 
the  cup  B  with  the  insulated  cushion; 
when  the  machine  is  ivorked,  the  electzio 
wind,  blowing  from  the  positive  cup  A  to 
the  negative  cup  B,  causes  the  flame  to  fly  f^^  53^ 

towards  the  cup  B,  and  to  heat  it,  so  as 
to  ignite  the  phosphorus. 

This  experiment  was  at  one  time  thought  to  be  a  decided  ar( 
in  favor  of  the  single  fluid  theory ;  but  the  phenomenon  may  be  si 
torily  explained  upon  the  theory  of  two  distinct  fluids. 


PECULIAR   APPLICATIONS   OF  THE  PRINCIPLS  01 

INDUCTION. 

21.  The  principle  of  indaction  has  already  been  exph 
but  the  following  experiment,  made  with  the  electrics 
chine,  will  render  it  more  apparent* 

Exp.  1.  Take  an  insulated  metal  cylinder  B,  and  attach  bdu 
balls,  suspended  from  cotton  threads,  to  diflerent  parts  of  its  si 
gradually  bring  an  electrified  body  A,  which  has  been  charged  w 
prime  conductor,  near  to  this  cylinder ;  when  A  is  about  an  inc 
the  conductor,  no  spark  having  passed  firom  A  to  B>  the  pith  ball 
extremities  C  and  D  diveiige ;  at  E  and  P  the  diTeigenoe  is  kM 
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Fig.  64. 

is  at  C  md  D ;  and  at  or  near  the  centre  Q  the  balls  do  not  diverge 
«talL 

As  we  have  already  explaincdi  the  positiye  fluid  is  driven  to  the  ex- 
tamitj  Cf  and  the  negative  fluid  is  drawn  to  the  extremity  D. 

WhA  A  is  withdrawn,  all  the  balls  fall  back  to  their  natural  position, 
and  the  positive  and  negative  fluids  on  the  conductor  B  reunite  and  re- 
tain to  their  natural  state —  all  electricity  disappears. 

Before  withdrawing  A,  touch  the  extremity  C,  so  as  to  take  away  the 
pcntive  fluid,  and  the  conductor  will  remain  charged  with  negative  elec- 
tricity, and  so  on  as  described  in  the  experiments  given  at  page  222. 

Electricity  may  be  developed  by  induction  in  a  series  of 
insulated  conductors,  placed  in  a  line,  with  their  extremities 
in  order  near  to  each  other. 
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TJie  Electraphonis. 

22.  The  elcctnjphorus,  invented  by  Volta,  depends  upon  the  principle 
of  induction  ;  it  is  capable  of  retaining  fur  a  considerable  time  the  elec- 
tricity developed  upon  its  non-conducting  surface  by  friction.  It  is 
composed  of  a  cake  of  resin  poured  into  a  circular 
metal  mould  or  plate  6  6,  of  a  disk  of  metal  a  a, 
a  little  less  than  the  cake,  furnished  with  an  in- 
sulating handle  ff.  The  cake  of  rcsui  is  electrified  . 
negatively  by  rubbing  its  surface  with  a  cat's  Ji 
skin ;  the  metal  di»k  is  then  placed  upon  the  jv^^.  55. 

excited  cake ;  we  then  touch  the  plate  with  the 
finger,  which  gives  us  a  spark  of  negative  electricity,  and  raise  it  by  the 
handle  y,  when  it  will  be  found  charged  with  positive  electricity ;  upon 
touching  the  plate,  we  receive  a  spark  of  positive  electricity. 

When  we  first  touch  the  metal  plate,  (while  in  contact  with  the  res- 
in,) the  negative  electricity  is  taken  away  from  it,  owing  to  the  repul- 
of  the  negative  fluid  of  the  cake ;  now*  when  the  plate  is  raised  by 

21 
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the  insulating  handle,  it  is  charged  with  poritiye  dectricitj,  becwue  the 
negative  fluid  had  been  taken  away  from  it,  while  the  jxiative  fluid  in  it 
remained  by  the  attraction  of  the  n^ative  fluid  of  the  cake. 

As  the  cake  ynH  retain  its  electricity  fiv  a  very  kog  time^  any  nom- 
bcr  of  ftparks  may  be  taken  from  it  with  scarcely  any  diminution  of 
intensity. 

The  experiments  given  in  connection  vnth  Tig.  19,  page  222,  may  be 
explained  on  the  same  principle  as  that  of  the  electrophorus. 

Tate^s  Electrophone  Machines, 

23.  The  intensity  of  the  electricity  transmitted  to  the  con* 
ductor  by  the  electrophorus,  described  &t  page  220,  depends 
upon  the  following  circumstances :  (1.)  The  size  of  the  plate ; 
(2.)  The  completeness  of  the  contact  of  the  plate  ;  (8.)  The 
rapidity  with  which  the  strokes  arc  performed. 

The  foIlo\ving  contrivances  will  give  power  to  the  instru- 
ment, by  facilitating  the  operation,  and  by  lessening  the  time 
required  for  performing  each  stroke. 


Double-acting  Electrophorus^  or  an  Electrophorus  capable  of 
producing  both  Kinds  of  Electricity, 


24.  Thia  simple  contrivance  is 
represented  in  Fig.  56,  L  N  is 
an  open  box ;  L  N  sheet  gutta 
pcrcha  stretched  tight  over  its 
top ;  J  K  the  plate  of  tlie  elec- 
trophorus ;  E  F  a  strip  of  double 
gutta  pcrcha  attached  to  the  plate 
for  the  purpose  of  lifting  it,  form- 
ing a  loop  at  the  top  for  recciv- 
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ing  an  insulating  rod  D  C,  which  may  be  a  itxi  of  glass  or  a  stick  of  seal- 
ing wax ;  G  C  n  a  bent,  insulated  ^\Tre,  terminated  with  knobs  G  and 
H ;  A  an  insulated  conductor  for  receiving  the  negative  electricity ;  B 
another  insulated  conductor,  for  receiving  the  positive  electricity ;  these 
conductors  are  placed  at  the  distance  of  six  or  eight  inchei  fixim  the 
plate  J  K,  and  the  length  of  the  wire  C  H  is  such  as  to  allow  the  knob  H 
to  came  into  contact  with  the  plate  J  K  at  the  same  time  as  the  knob 
G  comes  into  contact  with  the  conductor  A.  The  »«">««'* '-  —  '  ' ' , 
the  fiillowiiig  manner :  —  ^ 
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Bob  the  iQxiboe  of  the  gutta  percha  with  a  piece  of  ftnr  or  rabbit's 
place  the  plate  J*  K  upon  the  excited  ahect,  taking  care  to  -hold  it 
bj  the  wi— »i**iwg  handle  C  D ;  depress  the  handle  C  D,  until  the  knob 
H  oomei  In  contact  with  the  plate  J  K ;  then  a  spark  of  negative  eleo- 
tridty  will  be  transmitted  to  the  conductor  A ;  raise  the  plate  J  K  by 
zneana  of  the  insulated  handle  until  it  strikes  the  conductor  B  ;  then  a 
i^paik  of  pontiTe  eiectzicity  will  be  transmitted  to  the  conductor  i^nd 
■o  on  to  an  almost  indefinite  number  of  times.  The  action  of  the  ma- 
chine nmply  consists  in  raising  and  depressing  the  hand. 

It  will  be  obscnred  that,  at  each  upward  stroke,  the  knob  G  is  raised 
fiom  the  conductor  A  before  the  plate  J  K  i»  lifted  off  the  gutta  percha. 

Hie  conductors  A  and  B  may  be  used  in  the  same  way  as  the  con- 
ducton  of  an  ordinary  electrical  marhine  —  that  is,  for  charging  jars,  &c. 

Kg.67  xepreBcnts  another  form  of 
tins  manhinp,  whlch  posscsses  some 
adrantages  over  that  just  described. 
J  K  represents  the  plate ;  A  and  B 
the  conductors,  already  described; 
£  F  an  insulating  handle,  of  sealing 
wax,  or  glass  co^'ered  with  sealing 
wax,  cemented  into  a  metal  tube  ^ten 
F  D,  which  is  fixed  to  a  smaller  ' 
tube  a  coming  in  contact,  time  after 


o     — 
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Fig.  67. 

time,  with  the  plate  J  K ;  this  tube  a  works  smoothly  on  a  brass  rod  0 
fixed  to  the  plate  J  K,  having  a  stop,  or  small  rim,  at  its  top,  for  the 
purpose  of  stopping  the  ascent  of  the  tfmoll  tube  a ;  F  G  is  a  wire  fixed 
to  the  tube  F  D,  and  terminated  by  a  knob  G.  By  this  contrivance  the 
rod  F  G  admits  of  an  up  and  down  motion  upon  the  pin  e,  at  the  same 
time  that  the  plate  J  K  admits  of  being  lifted  off  the  gutta  jxrcha.  The 
machine  is  worked  in  the  follo\^'ing  manner  :  — 

Ilold  the  plate  by  the  handle  K,  and  place  it  upon  the  excited  gutta 
pacha  L  N,  (see  Fig.  6C  ;)  depress  the  handle  £  until  the  knob  G  comes 
into  contact  with  the  conductor  A,  and  n  spark  of  negative  electricity 
will  be  transmitted  to  it ;  raise  the  handle  until  the  knob  G  comes  into 
contact  with  the  conductor  B,  and  a  spark  of  positive  electricity  will  be 
txanuuitted  to  it ;  and  so  on,  as  before  described. 


Single»acting  ElectrophoTM. 

26.  The  plates,  with  their  peculiar  appurtenances,  just  described,  may 
be  employed  with  great  advantaj^c  in  the  place  of  the  simple  insulated 
plate  described  at  page  220.  The  contrivances  connected  with  these 
plates  enable  the  operator  to  perform  each  stroke  more  rapidly,  leaving, 
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at  the  same  time,  hi*  left  hand  &se  to  be  used  in  anj  matte'  leqiriitiig 
hia  attaition.  All  that  a  reqiiiied  in  the  qiphcatioa  of  tbcM  plate*  to 
the  conmiDD  Bhect  elcctzopbonu  is  limply  to  bare  •>  condtictor  placed  n 
as  to  come  in  contact  with  the  knab  O  at  the  nonaent  the  [late  J  K 
fitlls  upon  the  ezdlsd  gutts  percha. 

•  Ditguited  Electricilg.     Condetuert. 

26.  If  n  conductor  connected  with  the  ground  be  broogbt 
near  to  one  extremity  of  another  conduclor  di&rged  wiA 
electricity,  then  the  quantity  of  the  electric  fluid  at  that  ex- 
tremity will  be  considerably  increased.  Thb  fact  is  jnet 
what  we  should  have  anticipated  from  the  peculiar  properties 
of  the  electric  fluid. 

Let  A  B  be  an  insulated  plate 
charged  with  electricity,  {aa.y  with  -\- 
electridty ;)  A'  W  another  plate,  con- 
nected with  the  ground  by  means  of 
the  chain  F'  G'.  Connect  A  D  nith 
the  prime  conductor  by  means  of  the 
jointed  dischargei  G  B  F  ;  remove  the 
jointed  discharger :  then  A  B  will  be- 
come charged  with  poative  electricity, 
which  will  have  the  same  intensity  as 
that  of  the  prime  conductor ;  bring  the 
plate  A'  B'  near  to  the  charged  plate 
A  D  ;  then  the  electricity  on  its  sur- 
fux  will  be  coniidcraUy  intreased. 

of  A  B  repels  the  positive  electricity  of  A'  B',  at  the  same  time  it  at- 
tracts its  motive  electricity ;  but  this  n^ative  fluid,  accumtilatad  m 
the  plate  A'  B',  in  its  turn  reoclB  upon  the  plate  A  B,  by  ettiaeting 
nvre  of  the  poutive  fluid  in  it  towards  the  surbee  nearest  to  the  plate 
A'  B' ;  this  increase  of  fluid  on  the  plate  A  B  pn)ducea  a  fiirthtx  actian 
upon  the  plate  A'  B',  and  so  on  to  an  indefinite  eaiee  of  ac&ma  and 
leoctions.  The  negative  fluid  accumulated  in  A'  B'  is  called  duywMtf 
electricity,  for  it  cannot  be  detected  by  any  ordinary  mcana ;  it  ia  na- 
tained  or  held  there  entirely  by  the  attzaetion  of  the  pcsitiTe  fluid  in 
A  B.  The  plate  A'  B'  is  called  the  ttmdmting  plale,  and  A  B  the  a«- 
bctinf  plait.    An  instrument  constructed  on  this  prindide  is  called  the 


Fig.5n. 
>'  wMbt  the  podtive  eleetridty 


Ttus  principle  of  disguiaed  elcctricitf  may  be  readil; 
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Fig.  69. 


Riyi.  1.  Let  the  qharged  plate 
▲  B  be  coDTiected  by  a  chain  with 
the  h?^^«»t*^  balls  F,  and  the  in- 
sulated plate  A'  B'  with  the  insu- 
lated balls  F'.  First  charge  the 
plate  A  B,  (say  with  positiTe  dec- 
tndty :)  then  the  balls  F  will  di- 
teige ;  bring  the  plate  A'  B'  near 
to  A  B :  then  the  electricity  in 
A'  B'  win  be  deocmposcd,  and  the 
baOs  win  diverge.  Touch  A'  B'  with  the  finger  so  as  to  carry  away  its 
posttiTe  dectridty  set  free :  then  the  balls  F'  will  immediately  cease  to 
^^rerge^  and  the  bells  F  will  have  now  only  a  very  feeble  ^v^rgence. 
The  negative  electricity  in  A'  B'  exists  in  a  disguised  state.  Withdraw 
A  B  and  A'  B'  from  each  other,  taking  care  not  to  touch  them :  then 
immediately  the  balls  diverge  —  those  at  F  with  positive  electricity,  and 
those  at  P  with  negative.  Bring  the  plates  again  near  to  each  other, 
and  the  divergence  of  the  balls  P  again  ceases,  and  that  of  F  diminishes. 
The  negative  fluid  of  the  plate  A'  B'  is  again  disguised,  and  the  positive 
fluid  is  partly  withdrawn  from  the  extremity  F  towards  the  extremity 
A  B  by  the  attractidb  of  the  negative  fluid  in  the  plate  A'  B'. 

These  facts  enable  us  to  give  a  satisfactory  explanation  of 
the  principle  of  the  condenser,  of  the  electroscope,  and  of  the 
Leyden  jar. 

77ie  Condenser. 

27.  The  condenser,  the  principle  of  which  has  just  been 
explained,  is  used  to  detect  the  presence  of  electricity  where 
it  13  so  very  small  as  to  require  it  to  be  collected  and  con- 
densed before  it  will  affect  the  electroscope. 

It  consists  of  two  disks  of  metal  b  b  and  c  c,  whose 
tooching  surfaces  are  polished  and  covered  over  with 
a  thin  coat  of  varnish  or  some  non-conducting  sub- 
■tanoe;  the  upper  plate  is  the  collector,  and  the 
lower  one  the  condenser;  the  condenser  stands  on 
an  insulating  glass  pillar  n,  and  the  collector  has  an 
insulating  handle  m  attached  to  it,  by  wliich  it  may 
be  lifted ;  a  brass  wire  a  b  with  a  knob  a  is  fixed  to 
the  under  side  of  the  condensing  plate,  for  the  purpose  of  comuBCting  it 
with  the  ground. 

21* 
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The  Bpparatui  ii  thus  used :  PUcc  tto  body  «rho«  titcOititj  ii  tsta 
eumined  m  oannectioa  with  the  collector  c  e  ,-  touch  the  ball  •  widi 
the  finger,  and  after  having  taken  it  away,  niddenlj  niae  the  oolkrts 
by  the  glau  handle  m,  and  the  electricity  of  the  body  under  »""■—- 
tion  will  have  accumulated  itself  in  the  coUector,  and  the  oppoittE  fiuid 
«ill  be  found  in  the  condenser ;  prGscnt  the  collector  to  any  deUcat* 
decticacope  cr  elactrometer,  and  the  eccumulatcd  dectridty  will  be 
rendered  oppBient.    The  rationalt  of  thi>  pniceei  haa  alretc^  heax  ot- 


28.    ELECTBOaCOPES   AJTD   ELECTROMETEBB. 

There  are  a  great  variety  of  cloctioscopes.  For  all  ordinary  p 
the  pilh  ball  dectnacope,  represented  in  Fig.  3,  or  that  deKiibed  at  p^e 
214,  ia  quite  eufiicicnt.  But  in  pursuing  many  electrieal  tnquiiio^  m 
require  inslrunicnls  af  more  ddicacy,  or  of  more  durability. 

In  order  to  render  clectroacopic  iafltruments  more  senntire  and  men 
accurntc,  the  tis-o  light  bodies  ore  suspended  from  a  metal  rod  and  m- 
cloviO  in  a  gloss  bcU,  and  the  extremity  of  the  rod  (which  is  cither  > 
knob  or  a  plulc)  is  to  be  touched  with  the  electrified  subitance.  The 
I^ht  bodies,  thus  Ruspcndcd,  arc  cither  pith  balls,  as  shown  in  Hg.  61, 


jvj.  ei. 


Fig.  62. 


or  two  gold  leoreg,  at  in  Bennct's  dcctrometer,  or  tAi  ffold  haf  ti 
eter.  Phown  in  Figs.  82  and  83.  In  Fig.  62,  two  knobs  A'  and  B*  an 
placed  on  each  side  of  the  gold  leaTca  //,  so  that  when  the  leaTca  di- 
verge too  etningly,  they  impinge  upon  the  knohe,  and  are  thns  dic- 
ohorged  of  their  electricity ;  this  contrivance  prevents  the  loavoa  ban 
licing  torn  by  adhering  to  the  Hdea  of  the  glass  bell. 

In  order  to  insulate  the  electricity  given  to  the  cap  or  plate  K,  tha 
■netal  md  carrying  the  goUl  leaves  passes  through  a  gUai  tnbe,  which  b 
cemented  to  a  ferrule  on  the  ptate  A  B,  ckving  the  top  at  Ae  ^Mi 
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ooTcr.  (See  FSg.  63.)  This  pUte  is  screwed  upon  the  glass  cc]fver,so  that 
the  leares  may  be  placed  'within  the  glass  without  injuring  them.  The 
gold  leaTes  ne  attached  to  the  lower  extremity  of  the  metal  rod,  simply 
by  the  •dheaon  of  gum.  Before  using  any  electrometer,  it  is  important 
that  all  its  parts  be  perfectly  dry,  and  that  the  surrounding  air  be  warm 
and  froe  from  moisture^ 

To  uae  the  gold  leaf  electroscope :  Bring  an  excited  glass  tube  near  to 
the  cap  K,  and  the  gold  leaves  will  diverge  with  positive  electricity, 
because  the  positive  fluid  of  the  glass  drives  the  positive  fluid  of  the  cap 
into  the  gold  leaves.  Excited  sealing  wax  brought  near  to  the  cap  will 
cause  the  leaves  to  collapse. 

The  ftdlowing  is  the  best  method  of  using  the  simple  gold  leaf  clec- 
tnoieter  rqiresented  in  Pigs.  62  and  63  ;  for  it  causes  the  gold  leaves  to 
ba  pemtanenitly  divergent.  Electrify  a  stick  of  scaling  wax  ;  hold  the 
electrified  wax  very  near  to  the  cap  K,  without  touching  it ;  the  gold 
leaves  will  diverge  from  each  other  on  the  principle  of  induction,  with 
the  same  electricity  as  the  wax,  that  is,  wuth  negative  electricity ;  touch 
the  cap  with  the  finger,  and  the  gold  leaves  instantly  collapse ;  first  re- 
move the  finger,  then  the  electrified  body  and  the  gold  leaves  will 
remain  permanently  divergent,  ydlh  an  electricity  opxx)9itc  to  that  of  the 
wax ;  that  is,  ^ixh  positive  electricity.  Now  bring  an  electrified  glass 
tub*  near  to  the  cap  K,  and  the  divergence  of  the  leaves  will  be  in- 
crcttcd,  because  the  glass,  being  positive,  -will  drive  more  of  the  positive 
fluid  into  the  gold  leaves.  After  taking  the  glass  rod  away,  bring  elec- 
trified brown  paper  near  the  cap  of  the  electroscope ;  the  divergence  of 
the  gold  leaves  will  be  decreased,  because  the  brown  i>aper,  being  nc-ga- 
tivc,  w'dl  drive  the  negative  fluid  into  the  gold  leaves,  thereby  neutral- 
izing the  positive  fluid  at  first  in  them. 

It  should  be  ol)scr%-cd  that  where  the  charge  of  the  leaves  is  temporary^ 
the  electricity  is  the  same  as  the  excited  body ;  but  where  the  charge  is 
perManetUt  as  in  the  preceding  case,  the  electricity  is  of  an  opposite  kind. 

Experiments  with  the   Gold-leaf  Electroscope. 

Exp.  1.  Strike  the  cap  of  the  electroscope  with  a  warm  silk  handker- 
chief; the  leaves  will  diverge  with  negative  electricity.  Verify  this  by 
bringing  an  excited  stick  of  scaling  wax  near  to  the  cap. 

Exp.  2.  Excite  a  silk  ribbon  ;  bring  it  near  to  the  cap  of  the  elcctro- 
leope ;  the  leaves  instantly  diverge :  excite  a  glass  rod ;  bring  it  also 
near  to  the  cap ;  the  divergence  of  the  leaves  is  diminished,  thereby 
showing  that  the  electricity  of  silk  is  negative. 

Ej^  8.  Rub  a  roll  of  brimstone  with  a  piece  of  warm  flannel,  hold 
the  <>»n*«^  brimstone  near  to  the  cap  of  the  electroscope,  touch  the  cap 
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with  the  &nger ;  Jtnt  takeaway  the  Gngo-,  imd(A<»  thebrinutone;  tkt 
gold  kaviB  will  rcmaiu  ptrinanently  divcrgont  with  puativc  dectiicity. 
Verify  this  by  Imngiug  on  cxcilcd  stitk  of  leoling  wux  near  to  the  cap. 

Eip.  i.  rinee  d  tin  vcusol  ooutaining  water  ou  the  enp  K  of  the  des- 
tnlwope,  (see  Fig.  63  ;)  drop  a  red  hot  cinder  into  the  «-ater ;  the  kar* 
will  inatantlf  divergo.    llcrc  tliG  (scape  of  steam  gencrateB  dectricitj. 

Tht  goid-lraf  amdetainy  ekdroicope,  re[Ke«cnted  ill  Fig.  64>  ain^} 
coiiuHta  in  the  application  of  the  condenser,  de-' 
miibcd  at  poge  210,  to  the  gold  kntf  elcctinseoptr. 
Here  e  c'  ia  the  collecting  plate,  willi  iw  glam 
handle  m,  placed  upon  the  plate  of  the  dectro- 
teope.  In  order  to  render  thia  inatnuntnt  more 
delicate,  the  gtufs  bcU  of  the  ordinary  electio- 
i£(ipc  ia  enclosed  by  a  glnsa  case,  into  which 
■ome  chloride  of  caleium  is  put,  -with  the  view 
of  uhsorbiiig  any  moisture  which  may  be  in  the 
dicumjoccnt  air. 

The  degree  of  divergence  of  the  gold 
leaves  only  gives  us  a  rude  idea  of  the 
intensity  of  the  electricity  with  which 
nn  e-Ycited  botly  is  chai'gud;  for  the  di- 
vergence \i  not  exactly  in  proporiion  to 
the  intensity  of  the  charge.  These  i_ 
utrumentB,  therefore,  should   be   called  ^'     ' 

electroscopes  rather  tlian  electromelers.  The  name  of  elec- 
trometer should  only  be  given  to  such  instruiDents  as  Cou- 
lomb's Imlattee,  which  afford  us  Ihe  means  of  exaclly  com- 
paring the  electrical  intensities  of  any  two  bodies. 

77ie  nndle  eli-droinelfr,  represented  in  Fig.  65,  i 
or  needle  balanced  on  n  point,  having  pith  balls  fixed  to 


Coalomb'i  torsion  rUctraTneler,  —  For  ordinary  pur- 
poses, the  instrument  represented  in  Fig.  C6  will  be 
luund  csceedinsly  useful.  A  small  disk  of  gilt  P"pCT  C  ^S'  ^' 
ia  attached  to  the  end  of  a  needle  of  gum  Isc  Or  sealing  wax ;  the  needle 
b  BU-iipcndcd  by  a  thread  iif  sealing  wax  K  I),  after  the  manner  d»- 
acribed  at  page  214,  and  placed  it-iihiii  a  glata  jar  or  bottle,  os  shown  in 
the  figure  ;  passing  through  the  side  of  the  jar,  and  on  a  level  with  iIm 
needle,  is  a  brass  wire,  terminated  with  gilt  hulls  A  and  B.  To  use  the 
inrtniment,  turn  the  knob  K,  if  m 


ELECTRICITT. 


249 


Fig.  66. 


eontact  with  the  ball  B ;  toacb  the  ball  A  with  the  elec- 
trified body ;  then  C,  being  electrified  in  the  same  way 
aa  B,  will  be  repelled,  and  the  angle  of  torsion,  or  twist, 
will  indicate  the  force  of  repulsion,  or,  what  is  the  same 
thing,  the  relative  amount  of  electrical  charge  given  to 
A.  It  will  be  obsenred  that  the  force  requisite  to  twist 
m  thread  is  in  proportion  to  the  angle  orer  which  the 
needle  is  moved,  so  that  the  angle  of  deflection  is  a  true 
sneBBore  of  the  electrical  repulsion. 

In  comparing  the  intensity  of  two  electrified  surfaces,  it  is  necessary 
that  we  should  employ  a  proof  plane,  (which  is  a  round  piece  of  gilt 
fixed  to  the  end  of  a  rod  of  scaling  wax  or  shell  lac,)  for  the  pur- 
of  transfening  the  charges  of  electricity  from  the  electrified  surface 
to  the  ball  A  of  the  electrometer. 

It  is  obvious  that  the  torsion  electrometer  may  be  used,  like  the  gold 
leaf  dcetroBcope,  far  ascertaining  whether  a  body  is  positively  or  nega- 
tively eloctriflcd. 

Fig.  67  represents  the  form  usually  given  to  the 
tonian  electrometer,  where  the  thread  6  B,  support- 
ing the  needle  b  d,  passes  through  a  tube  mounted 
cm  the  glass  jar  A. .  llic  circumference  of  the  jar 
Is  divided  into  degrees,  the  zero  point  being  oppo- 
site to  the  ball  to  which  the  electricity  is  trans- 
ined,  BO  that  the  angle  through  which  the  needle 
is  repelled  may  be  at  once  seen.  The  needle  is 
usually  supported  by  a  fine  thread  of  silver,  about 
two  feet  long,  fixed  at  the  top  of  the  tube  to  a 
brass  piece  c,  which  admits  of  being  turned  tightly 
round  the  cap,  which  is  also  of  brass,  and  fixed  to  ■■•^ 
the  tube  itself. 

Bj  means  of  the  torsion  electrometer,  ^^^ 
Coulomb  proved  that  the  law  of  electrical 
attraction  and  repulsion,  as  influenced  by 
distance,  is  the  same  as  the  law  of  gravitation ;  that  is,  in- 
versely as  the  square  of  the  distance.  He  also  determined 
the  law  regulating  the  distribution  of  the  electric  fluid  on  the 
Burfaces  of  conductors. 


Fig.  67. 


the 
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THE  LEYDEN  JAR  AND  ELECTRICAL  BATTERY. 

29.    EXPERIMENTS   WITH  A  8INQLE   LEYDEN  JAB. 

Exp.  1.  To  ffite  an  electrical  shock,  —  Charge  the  jar  after  die  wiim>» 
dcBcribed  at  page  228 ;  grasp  the  outside  of  the  Jar  with  one  hand,  and 
touch  the  knob  of  the  jar  with  the  other  hand,  and  an  electric  shock  will 
be  felt.  Care  should  be  taken  that  the  jar  is  not  too  strongly  chained. 
Generally  speaking,  about  half  a  dozen  good  sparks,  transmitted  to  the 
knob  of  the  jar,  will  be  a  sufficient  charge  for  giving  any  penon  a  sbodL 

A  shock  may  be  given  to  any  number  of  persons  at  the  same  tone. 
Let  them  form  themselves  into  a  ring,  by  taking  hold  of  each  othcr't 
handa ;  let  the  first  jMnrson  grasp  the  outside  coating  of  a  jar  which  has 
been  charged,  and  then  let  the  last  person  in  the  ring  toach  the  knob  of 
the  jar ;  the  whole' of  the  persons  forming  the  ring  'will  instantaneously 
receive  the  shock,  llie  number  of  the  persons  forming  the  zing  doei 
not  appear  to  affect  the  intensity  of  the  shock. 

Exp,  2.  To  show  the  striking  distance  of  the  spark  at  dist^arg^,-^ 
Touch  the  outiddc  coating  of  a  charged  jar  -vi-ith  one  ball  of  the  jointed 
discharging  rod ;  gradually  bring  the  other  ball  towards  the  knob  of  the 
jar ;  then,  when  they  have  come  sulHciently  near  to  each  other,  the  elec- 
tric spark  will  pass  from  one  ball  to  the  other  with  a  snapping  noise. 
The  distance  at  which  the  discharge  takes  place  depends  upon  the  an 
of  the  jar  and  the  intensity  of  the  charge. 

Exp.  3.  To  show  the  manner  in  which  a  jar  becomes  charged,  —  Place 
a  common  Leyden  jar  upon  the  insulated  stool,  and  bring  the  knob  within 
striking  distance  of  the  prime  conductor ;  turn  the  machine,  and  it  will 
be  foxmd  that  the  jar  cannot  be  charged  when  its  outside  coating  is  thus 
insulated :  now  bring  your  knuckle  near  the  outside  coating  of  the  jar ; 
then,  for  every  spark  of  positive  electricity  which  passes  to  the  interior 
coating  of  the  jar,  a  corresponding  spark  of  positive  electricity  will  pus 
from  the  outside  coatinj;  to  the  knuckle.  The  positive  electricity  is 
driven  off  from  the  outside  coating  on  the  principle  of  induction,  while 
the  negative  electricity  is  held  in  a  dlsgubtcd  condition  on  the  outside 
coating  by  the  attraction  of  the  positive  electricity  accumulated  on  the 
inside  coating.  Hence  it  appears,  that  when  the  inside  coating  is 
cliargcd  positively,  the  outside  coating  is  charged  negatively ;  and  that 
when  the  jar  is  being  discharged,  the  two  opposite  fluids  rush  to  each 
other.  ■ 

Exp.  4.  To  charge  the  inside  of  a  Jar  negatively.  —  Place  the  jar  upon 
inihe  insulated  stool ;  bring  the  outside  coating  of  the  jar  within  the 

I'iing  distance  of  the  spaik  of  the  prima  candustoc;  tuzn  the  mirhiniv 
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nid  Bt  tlie  nme  timev  qtpl;  the  knuckk  to  the  Vnobof  the  jar;  then, 
lor  eroy  ^Mrk  «f  poaitivc  decdidty  which  pstsca  to  the  oultude  Eouting, 
■  conespoDding  apaik  of  pouidTe  clectricitjr  passes  from  the  in^de  coat- 
the  knackJe,  Mid  thus  the  jai  will  bcMUtc  charged  idth  n^atiTa 


£jp.  5.  7b  tkoie  tfit  principle  of  ditguitad  tUetrieitf  in  nlaiioH  to  ih« 
I^gdttt  jar.  —  Let  b  ju  be  placed  lui  the  insulating  stool,  and  let  the 
bell  D',  luppcsted  by  a  metal  pillai,  oommunicote  with  the  outs'  coating 
af  the  jar.  Suspend  a  ball  o(  cork  F,  by  a  linen  thread,  midway  be- 
tween the  knob  D  of  the  jot  and  the  ball  D',  conunmiicatii^  with  the 
pramd  by  a  metal  chain  K.  Charge  the  jar  aflei  the  manner  described 
ik£xp.3;  then  the  boU  will  be 
atbacted  to  D,  and,  owing  to  the 
Bontacl,  a  cortain  pixtioii  of  poai- 
tlT*  dectiicity  will  pa«B  to  the 
pound  through  K,  and  a  certun 
portion  of  pcaidre  dcctricitjr  will 
remain  dUguittd  on  the  inner 
coating ;  F,  being  thus  nstornl  to 
its  natural  state,  will  be  attracted 
to  the  ball  D',  owing  to  the  ncga- 
tire  electricity  Kt  ficc  from  Che 
External  surface  of  the  jar :  whi.'n 
r  comes  in  contact  with  D',  a 
certain  portion  of  elccCridty  will, 
in  like  manner,  pass  off  from  the  outty  mriice  of  the  jar  tlirough  the 
amductor  K,  and  then  a  certain  portion  of  negative  cln.trieicy  will  re- 
main ditguittd  on  the  outer  coating ;  F  wUl  then  be  again  attracted  to 
D ;  and  so  on.  The  ball  F  may  continue  to  oscillate  between  tlu>  two 
kmba  D  and  D'  for  several  houm  -,  at  the  end  of  which  time  the  two 
coatings  will  ha^e  lost  their  electricity  by  this  succession  of  small  dis- 


The  spparattts  represented  in 
W  IB  intended  to  illustrate  the 
pinciple.    The  insulated  bcdls  oi 
■R  in    connection   nith   the 
coating,  and  thow  on  F'  are  in  con- 
aectiaa    with    the    outer    coating. 
Charge  the  jar  after  the  manner  de- 
•nibed  in  Exp.  3  ;  then  the  bnlln  F 
win  direrge  with  positive  clcelricity, 
atd  tbe  negatiTe  electricity  will  lie  held 
Mating.    Toudi  the  knob  D,  and  the  bolls  F  will  collapse,  while  the 


a  diar/aiifd  state  nn  the  en 
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balls  T'  1%'ill  diverge  ;  the  positive  electricity  is  now  in  a  disfptued  state* 
while  the  negative  is  free ;  and  so  on,  until  all  the  fluid  is  taken  from 
the  jur. 

Exp,  6.  To  mak^  a  jar  out  of  a  common  viaL  —  Fit  a  cork  to  the 
Tial,  and  pass  a  wire  through  it,  reaching  nearly  to  the  bottom  of  the 
vial ;  put  a  knob  on  the  outer  extremity  of  the  wire ;  half  fill  the  vial 
with  water,  and,  after  carefully  drying  the  outside,  put  the  cork  with 
its  wire  in  its  place ;  grasp  the  outside  of  the  vial  with  one  hand,  and, 
after  having  taken  a  few  sparks  from  the  prime  conductor  to  the  knob, 
touch  the  knob  with  the  other  hand,  and  you  i^'ill  receive  an  electxic 
shock.    ' 

Here  the  hand  answers  the  purpose  of  the  external  coating  of  the 
Leydcn  jar,  and  the  water  that  of  the  internal  coating. 

Exp,  7,  The  ekctrical 
tpoi-tsman,  —  This  consists  of 
a  jar  J  connected  with  the 
figure  D  of  a  sportsman,  who 
is  supposed  to  be  in  the  act  of 
shooting  some  birds  flying 
over  the  ball  A.  The  knobs 
A  and  B  are  connected  with 
the  inner  coating  of  the  jar, 
and  the  knob  C  at  the  ex- 
tremity of   the    sportsman's 

gun  is  connected  by  a  wire  going  down  the  figure  with  the  outer  coating. 
The  figure  admits  of  being  turned  round  upon  a  pin  D  at  its  foot.  Some 
light  substances,  cut  in  the  shape  of  bii-ds,  are  suspended  by  cotton 
threads  from  the  ball  A.  Charge  the  jar ;  the  birds  appear  to  fly,  owing 
to  their  mutual  repulsion ;  turn  the  sportsman  round  until  you  bring  the 
muzzle  C  of  his  gun  i^dthin  striking  distance  of  the  spark ;  at  the  mo- 
ment the  snap  and  spark  of  discharge  takes  place,  the  pith  Urda  appear 
to  fall  Hoyra  as  if  they  were  shot. 

Exp,  8.  To  ignite  cotton,  —  Tic  a  bit  of  cotton,  mixed  with  a  little 
powdered  resin,  on  one  of  the  knol^  of  the  jointed  discharger ;  place  the 
other  knob  in  contact  vdlYi  the  outer  coating  of  a  charged  jar;  bring  the 
knob,  covered  with  the  cotton,  Avithin  striking  distance  of  the  knob  of 
the  jar :  and  the  spark  will  ignite  the  cotton. 

Exp,  9.  To  perforate  a  card,  —  Hold  a  dry  piece  of  card  paper  in  con- 
tact with  one  of  the  knobs  of  the  jointed  discharger ;  discharge  the  jar 
through  the  card  paper,  and  it  will  be  found  to  be  perforated  by  the  pas- 
sage of  the  spark. 

Discharge  the  jar  through  three  or  four  pieces  of  card  paper,  or  through 
about  a  doien  aheete  of  writing  paper. 


Fig.  70. 
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Tht  bola  in  the  pipa  win  be  ilwayg  finind  to  be  btuted  equally  on 
Hch  lidet  as  if  tbe  tHectric  fluid  had  txaae  from  the  middle  of  the  cord. 

Eip.  10.  7%«  moffie  pitiure.  —  This  is  iiinply  h  pane  of  gUn  placed 
in  a  fnon^  and  eorered  on  both  ndes  with  tin  foil  within  a  few  inchea 
rf  the  edge*.  It  Mtiwera  the  aame  purpose  u  the  Leyden  jar.  Cbng* 
«ne  aide  of  the  pMe  after  the  nuoiua:  daoibed  in  Ezp.  3  ;  d~  ' 
the  plate  in  the  nsoal  way. 


Fig.7\ 


Fig.  72. 


Erp.  II.  The  eteetrie  pendulum.  —  Make  an  electric  pendulum  of 
wiiE.  with  [nth  balla  at  the  end  of  it,  as  lepreaoited  in  Fig.  72.  Bal- 
ance the  pendulum  on  the  edge  of  a  charged  plate  of  glass;  the  pendu- 
lum will  vibrate ;  the  balls  altetwitcly  strike  the  plate. 


ELECTRICAL   BATTERIES. 

30.  An  electrical  battery  is  formed  when  several  jare  are 
nnited  together,  by  establishing  a 
metallic  connection  between  all 
their  inner  coatings,  and  a  simi- 
lar connection  between  all  their 
outer  coatings.  The  jars  are 
placed  in  a  wooden  box  lined 
with  ^n  foil,  npon  which  the  jars 
Etand,  and  which  forms  the  con- 

tiection   between    all  the    outer  -- 

coatings ;  the  inner  coatings  com- 
municate blether  by  means  of  metal  rods,  which  connect  tbe 
£2 
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■niiooi  knobs  of  the  ja«  together.    The  battery  is  i 
dUcbarged  by  means  of  a  chain,  vhlcb  has  one  of  its  e 
ities  fixed  to  the  tin  foil  of  the  ease,  and  the  other  extremitj 
attached  ta  the  knob  of  a  discharging  rod. 

It  always  nquina  time,  CT«n  \rith  a  good  machlnf,  to  charge  a  laige 
battfiy.  In  crdcr  to  acceloale  the  operUun,  a  pomliar  ocmtdmiMk 
rejocKnled  by  Fu(.  74, 
haa  been  adoplnl,  callfd 
barging  by  eateaiif.  Wtxt 
each  jar  of  ihe  baltcry  il 
plared  upon  an  iosulatiiig 
■tool,  and  the  knob  of 
each  ia  connwted  by 
meau  of  a  chaia  C  wiUi 
the  outs  coatJng  of  the  preceding  one ;  the  knob  D'  of  the  fint  jir  A' 
b  connected  irith  the  prime  conductor,  and  the  outer  coaling  of  iht  lad 
A*  ii  cconectcd  with  tlie  ground  by  means  of  the  chain  D,  When  the 
machine  is  worked,  the  positive  electricity  fitan  the  outer  coating  of  A', 
in  place  of  bang  driven  avray  into  the  ground,  (wrvea  to  chaige  A*,  fay 
pasing  into  its  inner  coating ;  in  like  manner,  the  poiitiTe  electricity 
driren  off  from  the  outa  coating  of  A*  mtvgb  to  charge  A* ;  and  so  on, 
until  the  positiTe  electricity  ia  earned  away  &om  the  onto'  "fting  of  the 
last  jar  into  the  pound  by  meana  of  the  chain  D. 

The  battery  is  discharged  by  connecting  D  with  D*. 


Fig.  7*. 


DISCHARGING   ELECTBOUETERS. 

31.  In  these  electrometers,  the  intensity  of  tbe  electricity 
is  measured  by  the  length  of  the  spark  at  the  instant  fk 
discbarge. 

Lant't  ditcharging  ehdromfttT.  —  Thi«  ia  an  oidi* 
nary  Leyden  jar,  having  an  ann  e  d  e  attached  to 
theconducting  wire  a  6;  the  horizontal  parted  ii  of 
gliH^  coated  oviT  with  ahdl-loc ;  the  Tcrttcal  part 
d  >  Ii  a  laan  rod,  having  a  ring  c,  in  which  the 
gndoated  wire  m  o  alidcB,  and  tdminating  in  a  knob 
a;  the  dinancc  between  the  knobs  o  and  ft,  and 
oonaequQitly  the  length  of  the  epark,  can  thus  be 
meaaured.  To  uao  the  jar,  connect  the  extremity  m 
of  the  diding  wire,  by  mcani  of  a  chain,  frith  Uw 
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oator  enafing  of  the  jar,  and  then  adjust  the  distance  between  the  knobs 
o  and  %  to  8iut  the  amount  of  charge  which  you  wi^h  to  give  to  the  jar. 
Bring  the  knob  6  near  to  the  prime  conductor,  mid  continue  to  work 
the  machine  until  the  discharge  taikes  place  between  the  knobs  6  and  c. 
If  the  knotaa  6  and  o  are  placed  very  near  together,  the  intervening 
^aoe  will  be  penetrated  by  the  spark  when  only  a  small  cliarge  has 
been  given  to  the  jar;  but  if  the  distance  between  them  be  in- 
creased, then  a  more  powerful  charge  may  be  given  before  the  spon- 
taneous discharge  takes  place.  If  the  same  distance  between  the  balls 
o  and  b  be  retained,  then  the  discharge  'viill  always  take  place  when  the 
same  quantity  of  electricity  has  been  transmitted  to  the  jar.  This  jur 
may  be  used  to  test  the  relative  powen  of  two  electrical  machines ;  in 
order  to  do  this,  you  place  the  balls  o  and  6  at  a  ccrt(^  convenient  dis- 
tance firom  each  other :  then  that  machine  will  be  most  powerful  which 
causes  the  jar  to  be  discharged  with  the  least  number  of  turns  of  the 
handle. 

CuthheriaoH^i  dUcharging  electrome^ 
terM,  —  This  apparatus,  represented  in 
Fig.  76,  effects  the  discharge  of  itself 
when  the  jar  or  battery  has  arrived  at 
the  limit  of  its  charge. 

^\ji  insulating  support  A  B  carries  a 
metal  rod  D  C,  turning  on  a  centre  at 
B  like  the  tvm  arms  of  a  balance.  This 
metal  rod  is  connected  with  the  inner 
coating  of  the  jar,  or  battcr\',  and  also 
with  a  quadrant  electrometer,  as  shown 
in  the  figure.  Bdow  the  knob  C,  at  a 
sufficient  distance  to  prevent  discharge, 
is  another  knob  E,  which  communicates  with  the  outer  coating  by  means 
of  the  chain  F  ;  nearly  in  contact  ^^-ith  the  knob  D  is  another  knob  D', 
l^ced  at  the  extremity  of  a  metal  rod,  wliich  is  fixetl  to  tlie  same  sup- 
port as  the  rod  D  C.  and,  bcinp  in  metallic  communication  with  it,  is 
aim  connected  with  the  inner  coating  of  tlic  jar  or  battery.  When  the 
jar  has  become  sufHciently  charged,  the  knob  I)  is  repolk^d  from  the  knob 
D\  and  the  knob  C  is  thereby  broupjht  nearer  to  the  knob  E  in  connec- 
tion with  the  outer  coating;  and  when  this  difitance  is  within  the  dis- 
tance at  which  exploHion  takes  place,  the  jar  or  battery  is  dischargetl. 

Fig-  77  represents  a  sliglitly  different  form  of  this  apparatus,  where 
L  is  a  sliding  ball,  wliich  enables  the  operator  to  give  a  more  perfect 
a4iuBtment  to  the  action  of  the  apparatus. 

The  balance  electrometer  simply  consists  of  a  common  balance  beam, 
with  ft  Kile  hung  on  one  side  for  holding  weights,  and  a  gilt  piece 
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of  vood   hung 


1  the  other    fix  the 


putpo^  of  'being  applied  to  the  Buriace 
of  an  plcetrifted  body.  The  ■weight  no- 
ccnary  for  orrrcoming  the  attraction  of 
the  dretrifled  mrface  on  the  gilt  piece 
d  nood  ii  taken  ai  the  Tcjative  measure 
of  the  iutouity  of  the  electricity  on  the 
■nrface  of  the  Glectrified  body. 


J^.  T8 


UECHilNtCAL   EFFECTS   Or  ELECTRIC   DISCHABGBS. 

S2.  The  following  racperunenta  may  be  perfbtmed  with  a  angle  JH  t 
but  the  elfccta,  in  meet  caaca,  'will  be  mote  Mriking  when  a  battery  m 

Exp.  I.    TAa  thunder  Aoiue,  —  This  apparatns  iUna-  C 

tiatcs  the  use  of  metallic  rods  as  a  protection  to  buildings 
fiom  the  effects  of  lightning,  and  alao  Bhowa  the  uic  of 
pointed  rods  o-t  tranquil  conductors  of  electricity.  The 
conductor  C  D  la  broken  at  A  and  B  by  two  little  square 
tlipB  of  wood  having  conducting  wire!)  passing  through 
theni,  and  which  may  be  inBCrted  in  their  places,  dther 
with  tbc  conducting  wire  broken,  aa  at  B  in  the  figure, 
or  with  the  conducting  wire  unbroken,  as  at  A  i  the  ball 
C  may  be  screwed  off  the  wire,  and  then  it  la  totninated  , 
by  a  point. 

To  use  the  apparatus,  tint  let  the  ball  C  be  scicwcd  on 
the  top  of  the  eonducting  wire,  and  let  the  square  Blip*  be  placed  as  in 
the  figure ;  connect  the  extremity  D  of  the  conducting  wire  with  the 
outer  coating  of  a  charged  jar ;  place  one  knob  of  the  jdntcd  dischaigs 
within  striking  dlRtance  of  the  ball  C,  and  gradually  biing  the  otha 
knob  of  the  discharger  within  striking  distance  of  the  knob  of  the  jar; 
the  duTuptivc  effect  of  the  charge  will  throw  out  the  slip  B,  while  A 
temains  in  its  place. 

Perform  the  some  experiment  when  the  hall  C  is  token  off:  the  charge 
will  pass  quietly  through  the  point,  and  both  eUpa  will  remain  in  thai 

Etp.  2.  The  etcttrie  Smn!.  —  A  cavity  is  made  in  a  A  s  b 
block  of  wood  C.  and  cloxcd  by  a  cork  D  ;  two  vniea 
A  anil  B  pass  into  Ibis  cavity,  having  their  points  about 
a  quarter  of  an  inch  asunder.  Now  connect  the  knob 
B  with  the  exIerioT  coating  of  a  jar  or  battery  ;  and 
with  the  knob  of  the  discharging  lod  in  contact  with 
the  knob  A.  diachaige  the  jar  <x  bsttor,  and  the  cork  will  ba  ftnOdy 
ptt^eeUd  fiom  tbe  cavity. 
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Fig.  80. 


ITll  up  the  cavity  with  Band ;  transmit  a  charge  throogh  it;  and  the 
panagc  of  the  spark  will  disperac  the  sand  in  all  directions. 

Exp*  3.  Dupenion  of  water.  —  Transmit  a  strong  charge  through  the 
ifaud :  it  will  be  scattered  in  all  directions. 

Er/K  4.  To  perforate  ffkus.  —  Fill  a  vial  A  (sec  Fig. 
80)  with  oil ;  dose  it  with  a  cork,  through  '^^fiieh  a  wiic 
B  passes,  having  its  lower  end  so  bent  that  its  pdnt  shall 
touch  the  inner  surface  of  the  vial.  Connect  the  extrcmity 
B  with  the  outside  coating  of  a  charged  jar ;  place  the  knob 
C  of  the  jointed  discharger  opposite  to  the  point,  then  dis- 
chai:ge  the  jar,  and  the  spark  in  its  passage  through  the  glass  will  make 
ahdle. 

This  experiment  may  also  be  performed  by  suspending  the  vial  from 
the  prime  conductor  of  a  powerful  machine,  and  taking  the  spark  from 
the  point  by  bringing  a  brass  ball  opposite  to  it. 

Erp.  5.  To  break  trood  and  (/Ums.  —  Transmit  a  strong  charge  through 
a  stick  of  wood,  in  the  direction  of  its  fibres,  about  half  on  inch  thick  : 
the  wood  will  be  split. 

Discharge  a  jar  or  battery  through  a  plate  of  window  glass,  after  the 
manner  described  at  page  252,  Exp.  9  :  the  glass  will  be  broken. 

JElxp.  6.  To  rupture  substaiices  which  are  imjM^rJect  conductors  of  eke- 
trivity.  —  Place  several  drj*  cards  tofjjcther  between  the  knobs  of  tlie  uni- 
Tosal  discharger;  pass  a  strong  charge  tlirough  tliem,  and  the  spark  will 
pierce  a  hole  through  them.  'ITie  cards  will  have  a  peculiju*  sulphurous 
odor,  like  that  which  is  perceived  in  places  after  they  have  been  struck 
by  lightning. 

Thin  pieces  of  wood  may  be  nipturcd  in  the  same  manner. 

Place  a  piece  of  dry  writing  pa])cr  on  tlie  stage  of  the  universal  dw- 
chargpr,  lay  its  knol>s  on  the  jmiikt,  at  the  distance  of  an  inch  and  a 
half  from  each  other ;  then  transmit  the  cliarge,  and  the  passage  of  the 
spark,  if  sufficiently  strong,  will  tear  the  paper  asunder. 

Lay  a  pic-co  of  perforated  tin  foil  Ixjtween  two  panes  of  gliiss;  fix  them 
tightly  together,  and  transmit  a  strong  charge  througli  the  tin  foil :  the 
panes  of  glass  will  be  split  by  the  discharge. 

Exp.  7.    An  electrical    t/termoinefer,    sometimes    called    a  © 

ihermo-elecirosropc.  —  This  piece  of  apparatus,  represented 
in  Fig.  81,  is  intended  to  sliow  the  momentary  expansion 
of  the  air  producctl  by  the  heat  of  the  spark  in  its  passage 
through  the  air.  A  Is  an  air-tight  tulx?  communi(;ating  with 
a  small  tube  11  which  is  open  at  the  toj) ;  a  and  4  arc  two 
knobs  attached  to  the  extremities  of  wires  passing  out  of  tlie 
tube ;  a  colored  liquid  below  the  level  of  the  knob  h  stands 
at  the  Mine  height  in  the  two  tubes.    'NVlicn  a  charge  or 

22* 
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«rAr&  7Ui?!«*^  fr.t::  =  t>?  ^,  the  air  in  A  expands  by  the  heat  derelaped 
:'  '.zi.  -.tL.<u>i^.  .:  ir.i  i^ork:  tbc  liquid  in  A  ^^ill  therefore  fall,  whila 
~. :  .:  J-,  z  -^-J.  TjK.    Tic  ecrtngth  of  the  eloctzic  charge  is  indicated  bf 


-TATZXG    EFTECTS    OF   ELECTRIC   DISCHABGES. 

\  jL--.  ,"-...-..-»  :/  resin  ypon  va/cr.  —  Sprinkle  some  powdend 
r.s.-  .c  *.-'.  ?~..n*.-^  .1*  "^iXCT  contained  in  a  cup;  connect  the  outer  ooot- 
.:^  .1  i  .  i.ir~.*i  iir.  'rr  sifan«  of  a  chain,  with  the  water  in  the  eiqi; 
_^  j.irj'.  :jk  ;.ir.  :j  ■■^•-^-.^  the  spark  to  paas  through  the  roedn,  wbkJi 

"»'  LTi  '^    ::>.r  ?^:^jl:2c«s  zht  r<  ignited  in  a  similar  manner. 

/--..  £,  ':'  .^\  J.  ?^-.i=.  C'{  c%:j:i-:z^  iziprccnatod  with  any  TOttinous  pow^ 
ii.-^  c  !>:  ?cj^.  .:  :2a  ut^vvsku  GM:harctT;  pas  the  spori^  thnnigh  tbe 
.\rT  .?.  LT  i.'.'  "Sill ':»:  ijr^c*i-    Thl*  is  another  way  of  pcxfbnning  £ipi 

:■"_-_.■  -^  .*" .~  ~.p:  -^U". — The  ismiting  power  of  an  dectrie 
^- .  .■ ».  >  .-  .T".^.a»;c  :  t  7*j«sr .j  :b-:  ciarsc  through  a  damp  conductor.  In 
:  -  >  -« 1-  XV  s_-*:  -.r- -.--•:  :.•  £re  ^--.r.powder,  which  cannot  be  ignited  by 
f.  <-Ljv  ■...  i.r  r..-..._-7-  ^-r.-.:r--:-r..T>i ;  plaoo  $ome  fine  gunpowder  in 
•  • .  ■ '  •  v_7.  . .  7  V .  r^  J.  ".  :  kirry  ;he  fliiid  for  about  six  inches  akmg 
i  .%.-."  •"•-.-i*.  i" ->..■*  :.  t'^j::  irtn  of  the  dL^hargor  which  is  con- 
■  ■  \  .'.\  --  ■'  :' .  .'.7  .••::::;: .:"  :b-:  jar:  then  the  parage  of  the  vpork 
:>.■  .:.>.■  T.-.r:   t."*  ir.c   in  J  c.f  the  other  will  ignite  the 


*"..■*.  •.>',■  —  ■>:  :*-r.i;l.  :v.:*^  a  5r:r.-:'w>,at  imperfect  conductor,  retards 
. ' .  -wvsi^.  .-■  :'".  .I.^rr..  iu:/^  ir..l  ::.i.TL'.  y  causo:  the  diachai^  to  take 

.  «      «._•>'--  ■-      ':■■.■•.  /.j^\  J 'iz  zi.Tiuii.  —  Stretch  a  few  inchci 

.  '  !.-»    ?  ■.,'  >ji:r-i^:. Vr,:  ^*ir;  '^fwc-jr*  the  ends  of  the  univctsal  dis- 

.  :.».••.■.•      H.V  V  ;.    ■  ■  .    SsT..:  i  c.x>i  cbjTjo  ihn'kucrh  the  nirc,  and  it  will 

X  .    "  .*  ■.•.*•.■..-*.".  '-■■-.-...■■..■..SKX'r.:,  or  ::  i»-ul  Iv  fused.    The  length  of  wire 

*»^. . ..  ■■■.'.\  \  v.js^v.  .•.■•.v..,l>  '-:^  u  ihi"  *izc  of  the  hatterv  and  the  intcn- 

V  X  .-.   •>.  .*M.rc-..     A  ':ji::i.r>  kV  .;;:\x<'.l  of  half  a  dozen  ordinary  jan» 

V  X-.     .'x  ,"^  s'vL'.v.  V\  A  ^iT.xxi  r;i»hi:;c.  ^%-ill  rtudilv  fu>c  about  six  inchci 


V 


••*c 


".V  V  f.  .:  .••Vvts  c:   i'.tvrrl.Ml  »:ha!W  on  ilifl-rcnt  metals  depend 

;^.s-  ,\."..'.v.:v.;:  |vt»»rs:  :hu*  platinum  and  inm,  which  axe  bod 

*\x»'>.v%'«N  »■:  iU\!Tw::>.  Kxvwie  m^wv  powerfully  heated  by  the  poange 

*>i   *'\  «V»\*uu\fti  chaz^*  than  p.^  and  coppiT,  which  are  good  ooa- 
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Tbe  thenao-dectroBcope,  represented  by  Fig.  82, 
depends  upon  this  principle.  C  D  A  B  has  the 
fccm  of  a  differoitial  thermometer;  a  platinum  ynre 
pMMs  through  the  ball  C,  and  is  hermetically  scaled 
to  it.  T\lien  an  electiic  charge  is  transmitted 
through  the  platinum  wire,  it  becomes  heated,  and 
this  causes  the  air  in  the  ball  C  to  expand,  which  is 
instantly  made  manifest  by  the  rise  of  the  liquid  in 
the  tube  A  B.  The  graduated  scale  on  A  B  gives 
the  relative  heating  powers  of  different  charges. 
Tin  instrument  is  best  adopted  to  the  measurement 
of  the  heating  power  of  voltaic  electricity. 

Exp,  5.  Ignition  euid  fusion  of  gold  leaf.  —  Plac 
a  atrip  of  gold  leaf  between  two  pieces  of  dry  pnpcr ; 
lay  them  on  the  table  of  the  universal  discharger; 
pass  a  good  charge  through  the  gold  leaf,  and  it  ^ill 
be  burnt.  Both  pieces  of  paper  will  be  covered  with 
a  purple  strip  of  oxide  of  gt)ld ;  the  strip  has  a  grayish  tiiige  when  the 
gold  leaf  contains  a  portion  of  silver. 

Exp^  6.  Place  a  small  bit  of  gold  leaf  between  two  pieces  of  window 
glass :  proceed  as  in  the  lust  experiment,  and  tlie  gold  will  1>c>  fusc-d  into 
theghuv. 

Exp.  7.  Ignition  of  gilt  thread,  —  Stretch  a  gilt  thread  of  silk  ho- 
tween  the  extremities  of  the  universal  disci lar^cr ;  simcl  a  charge  t1ir()ii<;h 
the  thread,  and  the  electric  fluid,  in  its  past>ugc,  will  burn  the  gilding, 
and  the  silk  will  remain  uninjured. 


Fig,  82. 


rOTSIOLOGICAL   EFFECTS   OP  ELECTTIIC   DISCnARGES. 


34.  Tlje  sensation  of  a  spider's  web  beting  drawn  over  the 
£u:e,  and  the  peculiar  phos[>horic  odor  attending  tlio  transniis- 
sioo  of  electricity,  are  amongst  the  most  ordinary  pliysiologi- 
cal  effects  of  electricity.  When  a  strong  eloctrical  cliarge 
pawes  through  the  body,  it  is  accompanied  by  a  shuddering 
sensation  and  a  sudden  contraction  of  the  muscles,  wliich  is 
called  llie  electric  (Uiock.  (See  Exp.  i,  page  231.)  Tlui  dis- 
cbarge from  a  single  jar  is  sufficient  to  d^'stroy  tlie  lite  of 
small  animals;  and  the  discharge  of  a  powert^il  battery 
throagh  the  head  of  a  large  animal  is  enough  to  kill  it. 


Ai:  FHILOSOPnT. 

Ehrex  bm.  t.  JB.  ictapaw  in  Mmie  put  of  Ai 
difs.  maai  oT  tin  iifoil  shock,  iIkk  win  ti 
UT.  T7nmi=s£  E  '^  tip*  of  tbefingos. 
tL  i  i  iirt  nuiaw  Umuni  \be  vins  of  dte  n^    ' 


iZr   H.T.CTXJC  DiaCHARGBS. 


l£  c^inv  thnngh  the  wiic^  avl  tie 
TV  eod  of  ihr  needle  which  1^  ID 
--it  rizii  .T  ^^  iJsii^si:  rasrea  wC  i*  «  aarsh  pole,  and  tlw  oj^i^ti 

Z--7.  i-  I-^ir«  -J;  zz-'Ta-t  ,if  :br  setdie  of  the  ]■«  upnimau; 
=-=3s=^  Tw.-   .T  =,.r!  ;  rjr;»  .-jf  tJ«riiiT  ihrnoch  the  bdix,  ind  Ae 

T"-^  =iZ=irTr--  i??r:s  cf  oo=i3»on  elwtrioinr  are  very  feeble 
as  K=7iL~--  r.±  :ii.iK;  cf  v;.J'jir  rie«rirfiT.  The  exptani^ 
u:c  r>  -,hi^s  •.'T.inzdtzA  wCI  be  giren  in  connection  with  the 


CEonciL  rrTECTs  or  elscteic  dischakges. 

36.  Tie  i^bemioal  eiwi*  of  the  onlinuy  electric  currents, 
like  the  maOTtiiv  edTwis,  are  comparaiiyelv  freble.  The  fol- 
loKiDg  experimenir.  howerer,  $hoir  that  oidinaiy  electrid^ 
really  possesfes  a  Jccompofing  indue  nee. 

Ejep,  I  •  Place  tiro  [ucns  cf  ^ 
tin  finl  t  (  on  a  drj  pane  of 
glaM  G  G  ;  cm  thrae  pccfs  of 
tin  foil  lay  plntinum  nHns,  bmt 
in  the  manniT  dnirn  in  f^. 
84,  wo  that  there  shall  be  a 
NMll  apace  batmen  the  tm  pointi  at  k,  whete  tbej  tondi  the  gk^nd 
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wfaoe  the  body  which  is  to  be  decomposed  is  placed.  Lay  the  gla»  G  G 
on  the  table  of  the  iinivenal  discharger ;  place  its  two  knobs  on  the  tin 
inikt  and  connect  one  of  them  by  a  chain  and  a  moist  thread  with  the 
jprime  oandnctor  of  th^  machine,  and  the  other  with  the  insulated  cush- 
Flaoe  a  drop  of  a  solution  of  iodine  of  potasdum  at  ^,  between  the 
ram  points;  tun  the  machine,  and  after  a  short  time  the  iodine  will 
be  depoBted  at  the  positiye  wire,  and  the  metallic  potassium  at  the  neg- 
■tiTe  wire.  Perform  the  same  expoiment  with  a  drop  of  a  solution  of 
snlphafii  of  copper,  and  so  on. 

Then  experiments  may  be  performed  with  moie  delicacy  by  using 

Uottiiig  pi^er  satunted  with  the  solutions ;  thus  paper  dipped  in  a  solu- 

€f  iodine  in  alcohol  will  readfly  give  a  blue  tinge  of  iodine  on  the 

in  cootact  with  the  positive  wire. 

The  deoompoBitioQ  of  water  by  common  electricity  was  first  shown  by 

WoOwtao. 

BpnkB  discharged  for  a  length  of  time  through  the  air  of  a  closed 
feeeiyer  caoM'the  two  gases  in  the  air  to  combine  and  form  nitric. 
acid ;  in  this  way,  no  doubt,  nitric  acid  is  formed  in  the  atmosphere  by 
lightning. 

Exp,  2.  Place  a  fine  metal  point  in  connection  with  the  prime  con- 
ductor of  the  machine ;  work  the  machine  for  some  time,  and  then  bring 
the  metal  point  in  contact  with  the  tongue :  a  faint  add  taste  is  felt ; 
whereas  the  negative  electricity  will  produce  an  alkaline  taste. 


DISTRIBUTION    OF   ELFXTRICITT. 

37.   The  electric  fluid  arranges  iUelf  upon  the  surfaces  of 
conductors. 

Eip.  1.  A  is  an  electrified  metal  ball,  suspended  by  a  silk  thread ;  B 
and  C  are  two  hollow  metal  hemispheres,  which  exactly  envelop  the 


Fiff,  85. 

sphere ;  when  they  arc  removed  from  the  sphere,  then  not  the  slightest 
trace  of  electricity  remains  upon  it,  while  the  outer  surfaces  of  the  hemi- 
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iqiherei  contun  all  the  elEctridtT  wbieli  wn  at  fint  in  A*    Thkaiybi 
[iTUTcd  by  menu  of  the 


fif.». 


The  Prtfof  Plane. 

To  ihow  in  a  more  complne  manno-  the  nipo^cial  diftriba- 
tion  of  electiivitir,  a  tmall  piece  of  appantiu,  caUcd  a  proof 
plane,  ia  umoll^  employed.  This  appuatiu  ii  n^imMiitcd  in 
Ft^.  8iS,  where  I'  ia  a  email  disk  of  gilt  paper,  fixed  at  the  end 
of  a  Mick  of  gum  lac  A  13.  In  tuing  this  iiutrunmit,  a  point 
of  the  clfvtrilicd  euriiicG  is  touched  by  the  proof  pUnc.  which 
bciiig  canit-d  (o  the  tonian  clcctTometer,  the  intcnaity  at  the 
elcrtTicity  ut  the  juint  touched  by  the  proof  plane  ii  indicated 
by  the  deflection  of  the  needle. 

Ej-p,  2.  A  is  a  conical  muslin  bag,  fixed  ti 
niig,  fbnaing  Gomclliiiig  tllie  a  buttnfly 
net ;  II  and  C  ore  »ilk  threads  attached 
to  tlw  npc:?  of  iho  couc,  one  on  the  out- 
Mde  nnd  the  oth^r  on   the  inside,   by 
vhicli  the  cone  muy  be  turned  ouleidc  in. 
Let  the  cone  be  charged  «-ilh  electricity 
by  means  of  a  currier  bnll :  test  the  dec-    . 
tricity  of  the  inside  und  outside  surfaccB    I 
by  means  of  the  lunif  plane ;  then  it  will 
be  found  that,  while  the  outside  sur&ce 
is  chntged  with  electricity,  the  inndc  exa- 
facc  is  entirely  Inx  from  it.    Turn  the 
cone  outside  in,  nnd  test  the  surfaces  as 

before;  the  surface  which  is  noiv  outside  will  rt  _.„ 

and  tliat  whit'h  is  now  inside  will  bu  entirely  ftae  from  it. 

The)«  experiments  clinily  show  that  the  electricity  difltributei  itidf 
upon  the  eslciior  am^icc  of  a  condueting  body,  but  not  on  the  intaiot 
surface. 

The  fbltoning  experiment,  finrt  given  by  Faraday,  c^tablishn  the  sBma 
principle,  as  well  as  an  important  law  relatiTc  to  the  induction  of  elec- 

•  Hy  applying  his  theoretical  ideas  to  other  and  diffh^nt  phniomnia  gf 
alatlCBl  cleclririlT,  Faraday  ],  led  to  sdmit  that  the  tendmey  of  deetridtyto 
dialnhuu  itself  on  the  surface  of  eonducling  bodin  is  mon  appwcnt  Hua 
real,  and  that  the  enperimenta  which  prove  thai  there  is  not.  Id  fiwt,  anyftn 
dectnntj  except  at  their  aurhcc,  are  easily  explained  in  anotfaer  b— 


Flg.M. 


n  all  the  I 
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tsted  tbetri&ad  ball  A  is  nw- 
tlK  intoiix  of  ■  KiieB  of  jm, 
one  witlim  tbc  other,  and  scp- 
i  each  other  by  pUtee  of  gum 
ni  in  Fig.  S8  i  tbe  outtx  j«r 
ksUs  with  a  gold  kaf  dcctio- 
w  leavea  of  which  L  diTCrgc 
t  the  electrified  hall  A  U  in- 

Eere  induction  takes  place 
jar,  until  nt  last  the  outer  mi- 

jar  B  becomes  electiifleO. 

ting  the  electninty  aa  the  nir 

I  jan  by  means  of  the  proof 

ill  be  found,  while  the  outer 

the  jais  all  contain  electricity 

irfaces  »rc  entirely  free  from  it. 

le  gold  leaves  L  arc  divergent, 

tiified  boll  A  touch  the  dde  of 

jar,  and  it  of  course  Irunsmita 

ity  to  tbc  jar,  and  the  gold 

ler  diverge  more  nor  less  than  befnie.   This  experiment  proven 

'Ctricity  possessed  by  tbe  boll  is  exactly  equal  in  quantity  and 

>  that  which  it  devdope  by  induction. 


dy,  on  seeount  of  the  apgw^tc  directions  of  the  eleFtridties  in 
interior  particles ;  n-hcnce  tivi  [etnilting  effect  is  null ;  whilst  the 
icrcised  by  exterior  bodies  renilera  tbe  electricity  seniublc  on  the 
rom  this  manner  of  regarding  it,  elerlricily  must  show  itself  only 
ice  of  a  conducting  envelop,  «halcvcr  be  its  conductibility  or  llie 
iroppnyaf  the  Bubstanec  placed  within.  Faraday,  in  fact,  dc- 
thii  by  strongly  clecIiLiing  oil  of  turpentine  placed  in  a  metal 
ere  was  no  apparent  ctcrtririty,  except  on  the  exterior  surface  of 
Uc  also  conslnlctcd  a  culncal  chamber,  twclrc  feet  s<|uare.  the 
et  of  nhich  were  covered  outside  inth  tin  foil ;  he  insulated  it ; 
g  introduced  into  it  electroscopes  and  other  objects,  he  elec- 


■  electric 


within  ;  whilst  considerable  sparks  and  luminous  bnishes  darted 
ircctions  from  the  exterior  surface.  While  these  experiments 
ose  of  Coulomb,  in  which  he  operated  only  upon  conducting  bod- 
ider  Ihc  explanation  Ibat  was  given  rather  improbable,  since  it 
■pan  tbe  free  propagation  of  electricity  in  the  conducting  mas* ; 
>l]awed  thai  this  electricity  distributed  itself  entirely  on  the  sur- 
n  once  tbe  phenomenon  has  occurred  in  the  same  manner  with 
odies  placed  interiorly,  this  expUnatioD  U  not  tenable. 

'  ' —  -nnn  ihe  quantity  of  electricity 
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Pig.  SO. 


The  iDtensitf  of  the  electricity  upon  a  conductii^  In^ 
depends  upon  (he  extent  of  ihat  surlace. 

Kip.  3.  A  B  is  an  insulated  me- 
tallic roller,  whkh  amy  be  turned 
by  thu  ingulatcil  bandle  TI ;  D  ia  a 
pith  boll  clcctraticcipe ;  C  ii  a  me- 
tallic ribbon  roiled  upon  the  roller. 
1«C  the  roller  be  cbar;[cd  Trith  elec- 
tricity, then  the  lialls  1)  wiU  diverge 
fhiin  eueh  other,  indicating  the  in-  * 
tensity  of  tlie  charge ;  let  the  mc- 
tulliu  ribbon  be  unrolled,  draning 
it  by  meana  of  a  Bilk  thread  at- 
tached to  the  extremity  C ;  then  the  balk  D  will  aiipnMch  etuli  O^tB, 

nceiimiilated  at  (he  aurfnee  of  bodies  not  ipherieni,  it  mnild  always  drpeod, 
ni'tvnliiig  to  Karadiiy's  (heoiy,  upon  aomc  paints  nf  the  nirfaee  being  ra- 
piised  to  a  Rrcalcr  amount  of  inductive  forces  than  oibcn.  Thua  the  esttem- 
ilie^  of  n  ci-linder,  or  of  an  elongated  etIipMi'd,  would  be  more  Rrongly  elec- 
trized than  the  rest  or  the  lurbce,  beeause  there  go  fioin  them  a  fcmxr 
nuiiiber  of  filaments  of  poLirized  putieles,  eatabl^iag  irith  Boiraundiiig 
cnndncton  the  communication  necessary  for  inductioD.  A  point  is'  hr  su- 
perior in  this  respect ;  fbr  it  is  the  centre  nhence  emanate  in  all  direction* 
the  liuea  of  inductive  fbrcc,  which,  Ibr  example,  nhen  a  ball  is  in  quntion, 
arc  (bund  diMributed  over  a  greater  extent,  and  do  not  set  out  from  •  dnglc 
point  only,  but  equally  from  all  pointt  of  its  surface. 

In  the  theory  that  we  have  been  explaininj;,  the  mutual  repiiluon  of  hodiGi 
ehaT^ol  with  the  same  electiirily  is  only  iipparent ;  it  is  called  Into  cxiitesre 
beenu^e  there  if*  no  electricity  on  (be  nearer  surfbces,  and  because  each  of 
the  liodies  ii  attracteil  in  opposite  diredionii  by  the  surrounding  bodies,  upon 
wiiich  Induction  detemiines  an  electrical  8(a(e  dissimilar  to  their  own.  We 
may  even  prorr,  by  means  of  the  proof  plane,  that  the  two  gold  leavea  of  an 
eteetmscope,  when  they  are  diTcticing.  have  no  electricity  on  their  interior  nr- 
hce.  whilst  they  an  stmncly  electrized  extcrioriy,  however  thin  they  aaj  be 
in  other  respects.  Beindaion  is  alio  explained  1^  attribotin);  it  to  the  attno 
tion  eicrcised  upon  cnch  of  the  gold  leaves  by  the  contrary  elcetridtT, 
developed  by  induction,  in  the  itrnta  of  air  in  contact  with  their  nterior 
turraee.  This  mode  of  action  of  (he  nir  is  much  more  natural  and  more 
probable  than  that  in  which  it  in  rei^arded  ag  dctennining  repulsion  by  the 
grCHter  pressure  from  within  outwards,  than  inwsnis  from  nithont,  which  it 
excrciBCa  upon  elcctrind  bodies.  Uouevcr.  tlie  experiments  which  show  ihal 
repulriim  takes  place  in  cocuo  ai  well  as  air,  would  lecm  to  be  equally  mi- 
trory  to  these  two  ciplanntions,  except  lliat,  in  the  former,  we  admit  thet&et 
by  inductiou  of  the  ambient  bodies,  even  when  they  are  placed  at  a  yial 
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owing  to  the  dectridtj  haying  become  spread  over  a  greater  extent  of 
■orfiice ;  now  let  the  ribbon  be  rolled  up,  by  the  inwilated  handle  H,  and 
the  pith  balls  will  again  diverge  iiom  each  other. 

£271.  4.  To  Mhow  that  electricity  accumtUatei  itself  towards  the  extreme 
4tUi  of  an  intulated  conductor.  —  Touch  the  different  parts  of  the  elec- 
trified conductor  with  the  proof  plane,  and  test  the  intensity  of  the 
riiactridty  in  each  case  by  means  of  the  torsion  electrometer,  and  it  will 
*%9  fiwnd  that  those  parts  of  the  conductor  which  are  farthest  from  the 
•■■**"*  hare  the  greatest  intensity.  Hence  the  tendency  of  the  electric 
flndd  to  escape  from  pointed  extremities.  These  effects  apparently  arise 
ftom  the  mutual  repulsion  of  the  particles  of  the  fluid. 


ATMOSPHERIC  ELECTRICITY. 

THE  IDENTITY  OF  ELECTRICITY  AND   LIGHTNING. 

36.  The  honor  of  this  discovery  belongs  to  Franklin.     In 
a  letter  to  a  friend  he  gives  th&  following  account  of  the  ori- 
grin  of  the  conception  which  conducted  him  to  the  great  dis- 
-  3  tOVBTj :  "  Your  question,  how  I  came  first  to  think  of  pro- 
"  "'  podng  the  experiment  of  ^Irawing  down  the  lightning  in 
^.^vder  to  ascertain  ifs  sameness  with  the  electric  fluid,  I  can- 
not better  answer  than  by  giving  you  an  extract  from  the 
minutes  I  used  to  keep  of  the  experiments  I  made,  with 
^Memorandums  of  such  as  I  purposed  to  make,  the  reasons 
making  them,  and  tiie  observations  that  arose  upon  them, 
from  which  minutes  my  letters  were  afterwards  drawn.     By 
[lllis  extract  you  will  see  that  the  thought  was  not  so  much 
oat  of  the  way  one,  but  that  it  might  have  occurred  to  an 
^'deetrician.     '  Nov.  1749.     Electric  fluid  agrees  with  lightning 
ihese  particulars :  1 .  Giving  light ;  2.  Color  of  the  light ; 
Crooked  direction ;  4.  Swifl  motion ;  5.  Being  conducted 
Ifj  metals ;    6.  Crack  or  noise  in  exploding ;  7.  Subsisting  in 
lirater  or  ice ;   8.  Rending  bodies  it  passes  through ;  9.  De- 
Vtooying  animals  ;  10.  Mehing  metals;  11.  Firing  inflammable 
■dbstances;  12.  Sulphureous  smell.     The  electric  fluid  is  at- 
ilcted  by  points.     We  do  not  know  whether  this  property  is 
J  lightning,  but  since  they  agree  in  all  the  particulars  in 
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wliicli  we  can  .ilivuily  compare  lliem,  ii  it  not  probable  tlwj 
agree  likoviiic  iii  tiii ^  ?     Lut  tUe  experimetit  be  made.'  " 

This  lulter  will  uUvuj's  be  read  wilb  iiiterefl,  alToriliug,  as  it 
doe;>,  one  of  tbo  most  adniirablo  cxunples  of  inductive  rca- 

EOllillg. 

Franklin  made  the  esiii^riment  iii  tbe  following  manner. 
He  made  n  kite  with  jiuiiits  tixcd  to  it,  witb  tbe  view  of 
drawing  ctcrtrieity  from  tbe  clouds.  In  order  to  inanbte  the 
elect ricity  tbat  miijbt  jiasa  down  tbe  hempen  cord,  which  is  a 
(lartiiil  coiidurtur  of  olectrieily,  he  nltnchcd  a  silk  cord  to  iis 
extrcTuiiy.  \T)iere  he  placed  a  key,  fivm  which  he  expected  to 
obljiiii  sjhirkd  of  electricity.  Afraid  of  being  laughed  at, 
filiould  his  cxi>erimL'nt  full,  he  took  hid  lillle  boy  witb  him,  to 
niakc  it  a[>pc':ir  as  if  be  were  fioing  to  assist  the  boy  in  flying 
his  kite.  Frjiikliii  and  bis  Ut[le  boy  having  mised  their  elec- 
trical kite  in  the  air,  Ilioy  wiiiled  a  long  tirao  before  any  indi- 
cations cf  electricity  could  be  seen.  At  length  a  thunder 
cloud  ])a^.s(.'(l  over  the  kite ;  (he  electric  lluid  passed  from  the 
cloud  to  tlio  points  fixcil  on  tbe  kite,  nnd  descended  the 
heui])en  cord,  llio  fil)rcs  of  wliich  stood  erect  by  clcctrieal 
repuUiou ;  Franklin  thtn  applied  his  knuckle  to  tbe  key,  and 
received  the  dcclric  spiirk. 

■\Vhat  must  have  bccti  the  ecstasies  of  Iiis  soul  at  that  mo- 
ment! lie  bad  made  one  of  the  most  brilliant  discoTerics  in 
the  whole  rjii;;e  of  pliy^iciil  science !  he  had  discoTcred  tbe 
identity  of  li;:btiiing  and  cleclricitj' ! 

He  ufterwarila  diarpid  Lryden  jars  with  lightning,  nnd 
made  other  experiments,  ximilar  to  tha^^e  usually  p 
vith  electrical  macliincs.  He  also  introduced  lightning  c 
ductori>,  or  jKiinlcd  rods,  for  the  protection  of  buildings  from 
the  effects  of  lightning.     (See  Exp.  1,  page  256.) 

The  picture  of  FrankUn  nnd  bis  little  boy  flying  the  kite 
irhich  first  drew  lightning  from  the  clouds,  will  bo  reguded 
with  interest  to  the  latest  ages  of  the  world. 

About  tlic  eamc  time,  acting  nnder  Franklin's  Buggiestion, 
Dalibard  creeled  an  insulated  pointed  rod,  40  feet  high,  and 
iherebj  succeeded  in  oblalnuig  sparka  from  the  clouds. 


>. 
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39.  Electrioit;  is  Rlwaya  found  in  the  air,  but  it  varies 
both  in  kind  and  in  qunntiiy.  It  is  ^nerall}'  positive  when 
the  air  is  dear  and  serene,  .ind  nciiutive  wlicn  it  is  humid 
md  cloud]'.  The  inUtnditj  of  electrical  phciinmcnn  is  iisunlly 
grestest  in  the  higher  Mrnta  of  thn  ntmosphore:  il  i.t  ni^o 
Uronger  in  winter,  es|icriaH_v  ilnriiig  rmsiy  weather,  than  it  i* 
in  Bammer,  and  when  the  nir  U  nilin  Ihnn  when  it  ia  bois- 
terous. TVhen  the  wind  blows  from  the  north,  the  drops  of  ■ 
rain  are  gcnerallj"  positive,  and  w!ien  it  hlows  Iram  tlie  south, 
tlieyare  p-nerally  negative.  The  eartli  is  nlwajs  in  n  con- 
trary state  of  electrii-ity  lo  th:it  nf  the  hi;;hi'r  litrala  of  the 
atmospliere  i  and  lienccthe  atmo^iphcrf,  nt  the  hci^lit  of  a  few 
feet  aboro  the  surface,  ia  alH-ays  in  a  neutral  state.    The  aerial 
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■enU  the  appearance  which  it  prescnis  ut  ita  commenceroent, 
where  Btreams  of  cleecric  light  appear  to  raovc  from  the 
northern  parts  of  the  horizon  tiiwariii  the  magnetic  zenith. 
tMiinelimes,  even  with  us,  it  assumes  tho  form  of  a  magnifl* 
-  cent  lumiaouB  bow,  spanning  the  horizon  tor  thirty  or  forty 
degrees. 

Figs.  92  ud  93  repreaent  some  of  the  appearancea  of  the 


surora  borealia  at  the  north  arc^c  zone,  as  given  by  M.  Lottin, 
IS  officer  of  the  French  navy. 


Fig.  94  represents  a  remarkable  appearance  of  the  anrom 
%orealiS|  which  was  seen  over  every  part  of  Europe.  This 
^TMfl  oboerved  and  described  by  Mainm  ia  the  year  1726, 
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WATEaSPOUTS. 


iZ.  At  the  GommeDcement  of  this  wonderful  and  terrific 
phenomeiUKi,  the  walerj  vapor  in  the  clouds  appears  to  de- 


Fig.  97. 


fcend  in  the  form  of  a  cone,  while  the  ocean  beneath  becomes 
agitated,  as  shown  in  Fig.  95  ;  the  apex  of  the  cone  continues 
to  descend,  aad,  after  a  little  time,  a  cloud  of  ivatcry  vapor 
rises  from  the  ocean  towards  it,  as  shown  in  Fig.  96.  This 
goes  on  until  the  two  streams  of  watery  vapor  join  each  other 
and  form  a  complete  waterspout,  or,  it  maj  be,  form  two  or 
more  waterspouts,  as  shown  in  Fig.  97. 

These  remarkable  phenomena  appear  to  be  due  to  the  dif- 
ferent electrical  conditions  of  the  daud  above  and  the  ocean 
beneath. 

DIFFEfiENT  MODES  OF  GENERATING  ELECTRICITY. 
49.    Besides  friction,  there  are  various  modes  of  genera^og 
ekctrid^.    The  fbllowiag  are  amongst  the  most  remark^ 
able:  — 
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ELECTRICITY  CENERATED  BT   THE  FRICTION   OP    HIOB 
PRESSURE   STEAU. 

Tlie  friction  of  liigli  pressure  steam  on  the  metallic  pipo, 
Ice,  through  which  it  id  made  to  pass,  has  recently  been  foaad 
to  derclop  large  quantities  of  electricitj. 

A  TQ7  powerftil  electncat  machine  bai  been  mnstnicted  od  thii  pui- 
dple  by  Mr.  Armatrong  of  Newcwtle,  and  called  bf  him  the  Hydro- 
electric  machine. 


HTDRO-ELECTItIC   MACBDiE. 
;.  Thi*  machine  ii  lepnscnted  in  Figs.  eS  and  99.    A  ii  a  iticng 
n  boiler,  cased  in  wood  to  reduce  the  tadiotioi  of  heat,  ttanding  <b 


ris  glM  piJJanO:  B  the  fmmace,  and  C  the  D«h  i^t,  ftnned  ii 
widwpntof  thaboikr;  P  Q  the  chimney ;  Di*  awUttganga,* 
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the  fted  Talre;  F  F  two  tubes  leading  from  the  toItcb  1 1  to  the  large 
tubes  Q  G ;  H  H  are  a  aeries  of  b«it  iron  tubes,  proceeding  fixxm  the 
p^^  G  G,  and  terminating  in  jets  J,  which  may  be  opened  or  closed, 
by  means  of  levers  placed  at  K  K ;  M  is  the  safety  valve. 

Fig.  99  represents  a  zinc  case,  provided  with  four  rows  of  brass  points,- 
irldch  are  placed  in  front  of  the  rows  of  the  jets  J,  (Fig.  98,)  in-order  to 


Fiy.  99 

attract  the  dectricity  from  the  steam  vapor  projected  upon  them :  when 
long  ^Mu-ks  are  required,  this  case,  with  its  points,  is  placed  at  the  dis- 
tance of  about  <»ie  foot  from  the  jets ;  and,  on  the  contrary,  when  a 
large  quantity  of  electricity  is  required,  the  case  is  brought  T^dthin  a  few 
inches  of  the  jets.  With  a  view  of  augmenting  the  development  of  the 
.dectricity,  the  inner  surfaces  of  the  jets  are  lined  with  wood,  forming  a 
bent  channd  for  the  passage  of  the  steam. 

In  this  machine,  we  may  regard  the  particles  of  water  as  serving  the 
pmpoae  of  the  glass  plate  of  a  common  electrical  machine ;  the  wooden 
lining  of  jets  as  the  rubber ;  and  the  steam  as  the  rubbing  power. 

The  electricity  generated  by  this  engine  is  more  remarkable  for  its 

enormous  quantity  than  for  its  high  intensity.    The  engine  erected  by 

3Cr.  Armstrong,  at  the  Pol3rtechnic  Institution,  gave  sparks  from  twd^m 

"to  fourteen  inches  in  length,  and  charged  a  battery,  containing  80  feet 

<xf  coated  glass,  in  ten  seconds.    The  dense  sparks,  which  pass  from  the 

to  any  large  ball  conductor,  follow  each  other  in  such  a  rapid 

as  to  give  to  them  somewhat  of  the  character  of  a  gdvanic 


ELECTRICTTT  DEVFXOPED  BY  CONTACT. 

46.  "When  two  different  metals  ore  brought  into  contact,  electricity  is 
^areloped  ;  thojpositive  fluid  being  attached  to  the  one  metal,  and  theneg- 
fiuid  to  the  other.    C  and  Z  arc  two  plates  of  copper  and  zinc,  hav- 
the  inwilating  handles  A  and  B.    I^et  them  be  brought  in  contact,  and 
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tlwn  (eparated,  Inking  care  to  liold  them 
bv  the  insiilaiiiig  handles  and  to  m«re 
thnn  towards  aud  fnim  oacli  cither,  Mi 
that  no  friction  thai!  take  place  in  form- 
ing or  breakini;  the  contact ;  (hen  the 
zinc  phkte  vill  be  charged  with  poaitiTe 
elcclricit}'.  and  the  copper  plate  with 
negntiTC  electricity ;  which  mar  be 
prOTcd  liy  bringing  the  plates  in  con- 
tact -with  the  coiuiccting  plate  of  the 
condenang  electniscope.  {See  Fig.  6*.) 
This  constitutes  the  fundamental  ex- 
poiment  of  voltaic  electiudtf. 


Deluc't  Org  PiUi. 

On  thia  prindple  Deluc  constnicted  his  electric  pile,  which  Moiiitfd 
of  a  ceries  of  disks  of  copper  and  nnc  paper,  Inid  the  one  upon  the  oths, 
irith  their  paper  tides  together.  A  [nlc  containing  about  1000  pain  fi 
these  disks  ex.hil]its  a  decided  cvidcni«  of  electiical  attraction  and  re- 
pul^n  when  a  connection  is  formed  between  the  extreme  plates.  Whit 
is  remarkable  in  these  dry  piles  is,  that  they  will  lernain  with  imdimis- 
ished  action  ira  years,  viithout  being  at  all  inttrfercd  with. 


ZamboTii's  Electrical  Perpetual  Motion. 
Tiat  beautifiil  piece  of  apparatus  is  formed  by  pladng  two  of  Deliic** 
pilea,  (Tig.  102,)  each  containing  about   1000  pain  of  platet^  withiit 
about  two  inches  of  each  other,  so  that  their  unlike  polee  may  be  fa 
near  each  other  at  the  top  and  bottom.    The  upper 
extremities  of  the  piles  terminate  in  two  metal  knohs, 
C  and  D,  and  the  lower  extremities  arc  connected 
by  a  strip  of  copper,  so  that  while  one  knob  C  is  poe- 
ititc,  the  other  knob  D  is  ncgitive.     P  B  is  a  light 
pendulum  rod  of  gum  lac,  turning  oil  a  centre  al 
and  its  upper  knob  B  playing  between  the  electrified 
knobi  C  and  D ;  the  knob  B  of  the  pendulum  ii  al- 
ternately attracted  and  repelled  by  the  electrified 
knob*  C  and  D.    This  motion  will  often  continue  tn 
JTMM  without  intermisoon.  '  , 

Fig.  102. 
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Boknenherg't  EUctrotcope. 
Ow  moat  useflil  applicntioiu  of  the  dry  [ule  u  wliiMt«J  in  tbe 
m  erf  en  elEctJOB«q>e,  lepraented  in  Pig. 
I  IB  not  ml;  tbe  moat  senaitiTe  of  mil  oth- 
I*  tbe  additkmat  •grapatj  of  st  once  indi- 

peculitj  kind  of  electricity  of  tbe  body 
it 
itrumeat  conauti  of  two  dry  piln  C  and 

■■  in  Ztmboni'i  peipetual  motion ;  be- 
t  knobs  C  and  D,  a  angle  gold  leaf  Q  i* 

cl«ctKi»eope.  Tbe  moment  the  gold  leaf 
trifled  by  tbe  iqiproecb  of  any  electtified 
arda  A,  it  is  carried  either  towuda  one 

^c  other,  Bccordttig  to  tbe  nature  of  tbe 
with  which  the  body  is  charged ;  that  is 
the  electroscope  be  chafed  with  pomliTe 
.  then  the  gold  leaf  O  itill  be  attracted 
le  n^ative  knob  of  the  inle,  and  so  on. 


UAGNETISU. 


THE  MAGNETIC  POWER. 

1.  S1TBSTA1TCE8  endowed  iritb  ntagnOum  attnct  piMH  «( 
iron,  and  the  eubstancea  poBseasing  this  proper^  an  caQeil 
magntU.  Slognetic  BubEUuices  possess  various  other  remaik- 
able  properties,  which  shall  hereafter  be  described.  Then 
are  two  kinds  of  magnets  —  natural  magnela  and  artifioil 
magnets. 

Natvamt  Mc^nett,  or  loadstones,  are  iron  ores,  found  at  •!- 
most  every  place  on  the  earth.  The  andent  Greeks  wen 
acquainted  with  the  attractive  property  of  the  natnnd  magnet, 
or  loadstone  ;  they  gave  the  name  of  magnet  to  this  mineral, 
piobablj  because  it  was  found  most  abundant  in  the  vidnitj 
of  Magnesia,  a.  city  of  Lydia,  in  Asia  Minor. 

ArtiJicM  Magnets  are  generally  made  of  steel  ban ;  and 
the  way  in  which  the  magnetic  property  is  imparted  to  them 
will  shortly  be  described.  Artificial  magnets  are  named 
according  to  their  shape  ;  thus,  we  have  the  har  inagiut,  rep- 
resented in  Fig.  1,  and  the  horsethot  magnet,  represented  ni 


iiS. 


Fig.  1  Fig.  2. 

Fig.  2.    When  several  bar  magnets  or  honeshoe  i 

are  combined,  the  whole  is  called  a  magtutie  baUny,  or  ■ 

compound  magnet. 

The  magnetic  power  of  a  magnetized  bar  chiefly  residea  in 
its  extremities,  which  are  called  the  magnetic  polea;  00a 
being  called  the  north  pole  of  the  magael^  and  the  othar  the 

cm) 
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Math  pole.  In  order  to  distinguish  these  poles  from  each 
other,  a  mark  is  usuallj  drawu  across  the  extremity  corre- 
sponding to  the  north  pole  of  the  magnet. 

One  of  the  most  remarkable  properties  o^  the  magnet  is, 
that  it  communicates  its  properties  to  a  steel  bar  or  needle 
that  is  rubbed  for  a  few  times,  in  the  same  direction,  across 
one  of  its  poles. 

HAOKETIC  ATTRACTION. 

• 

3.  JSqk  1»  Sprinkle  aome  iron  filings  on  a  ntagnetie  stcd  bar ;  th« 
inn  filings  ^riU  be  attracted  to  the  extremitiee  or  pdlea  of  the  magnet, 
vbikt  the  ethor  portions  will  be  left  nearly  bate,  as  shown  ia  Pig.  3. 


I'^^l 


Fig,  3. 

When  the  steel  bar  exceeds  eight  or  ten  inches  in  length,  we  tomeiimet 
find  two  other  poles  besides  those  that  are  at  the  ends,  as  shown  in 
Fig.  4. 


■ifflb. 


Fig,^, 


Ifl^ 


£171.  2.  Attract  a  series  of  pieces  of  iron  wire  ah  e  to  the  extremity 
N  of  the  magnetic  bar  N  S,  as  shown  in  Fig.  5.  Here  the 
wires,  while  they  are  in  connection  with  the  magnet  N  S,  be- 
come a  series  of  little  magnets,  whose  lower  extremities  are  all 
north  pdcs ;  that  is,  of  the  same  name  as  the  pole  of  the  mag- 
net to  which  they  are  attached. 

Exp,  3.  To  magntiizs  a  penknife, '^'BxAi  the  knife,  for  sev- 
eral times,  m  the  same  direction,  that  is,  from  haft  to  point,  across 
one  of  the  extremities,  or  poles,  of  a  magnet ;  apply  the  point 
of  the  kniib  to  some  iron  filings,  or  small  pieces  of  iron :  they 
will  be  attracted  to  the  point  of  the  knife.  j^.     ^^ 

27ie  attraction  between  a  magnet  and  iron  is  reciprocal.  — 
Whilst  the  magnet  attracts  iron,  the  iron  also  attracts  the 
magnet 

2i 
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Eip.  1.  Suspend  B  incce  af  iron  wire  by  ■  tbiewl,  ao  tlut  tbe  irb* 
mav  bang  hoiiiontally.  Bring  the  one  exumnity  of  a  magnet  ncu  to 
Olu  Old  of  the  wiie ;  the  wii«  irill  be  attracted  by  the  magnet. 

£.-71.  2.  Su5pcnd  ■  magnetized  needle  in  the  ume  manner  ;  bring  Ai 
exDvioiiy  of  the  iron  irire  near  to  ritha  pole  of  the  magnet  1  the  laig- 
Btt  will  be  attracted  bj  the  iren  wire. 

Mj^nettc  AltrvctioH  trantmitted  through  varioitt  Boditt. 

rsp.  1.  Interpose  a  thin  icitvn  of  vood,  01  glass,  or  copper,  or  1117 
*nb»:ani,v  fxoepdng  ttccl  and  iron,  between  the  magnet  and  the  inm 
«uc  of  the  Cinpnng  expeiiments;  the  ottractioQ  will  take  place  jud  u 
if  thtn  wtie  no  mbttanec  intcipofcd. 

F-rp.  ~.  Stnw  some  iron  filini^  on  a  sheet  of  white  paper ;  place  the 
pole  iif  a  mapiet  beneath  theui ;  the  filings  vUl  appear  to  more  in 
whitfTiT  direrlixn  the  magnet  is  moved. 

Fiy.  3.  InteqHW  on  iron  plate  between  a  ma^et  and  on  inm  win 
tufpendi>l  by  a  thread ;  the  msgoet  will  hare  little  or  no  effect  upon  the 


DiftrihtHitm  0/  ^lugnetism  ia  a  magnetised  liar. 
The  inequality  of  this  distribution  may  be  readily  prored  by  the  (ill- 
Idling  expciimCDta. 
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Exp,  I.  Strew  some  iron  filings  on  a  sheet  of  white  card  paper,  be- 
neath which  a  bar  magnet  has  been  placed  ;  occasionally  tap  the  paper 
to  facilitate  the  arrangement  of  the  filings.  The  beautiful  distribution 
of  the  filings  (as  exhibited  in  Fig.  6)  around  the  bar,  shows  the  manner 
in  which  the  attractiTe  force  of  the  difierent  points  in  the  bar  Tarj — 
the  filings  arc  most  accumulated  round  the  two  poles,  towards  which 
they  seem  to  oonverge  from  all  parts,  as  to  the  principal  centres  of  ac- 
tion: on  the  other  hand,  the  central  portion  of  the  bar  scarcely  attracts 
ffij  of  the  inxn  filings,  thereby  showing  that  the  centre  of  the  bar  is  a 

Mdiil  point ;  that  is  to  say,  it  does  not  possess  any  attractive  power. 

Ihe  cuTes  Ibrmed  by  the  filings  are  known  by  the  name  of  the  mag- 

acCie  cnnres. 
Tins  experiment  furnishes  us  with  a  ready  method  of  detecting  the 

poles  of  a  natural  magnet. 
Exp,  2,  Take  a  magnetic  bar  NS,  (Fig.  7,)  and  support  it  at  its  middle 

point  C;  i^iply  at  any  number  of  equidistant  points  a,  6,  e,  c',  b',  &c, 


8 
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liJ   '"  "M 


Fisf.7. 


a  series  of  pieces  of  soft  iron  wire ;  then  it  will  be  found  that  the  num- 
ber of  pieces  of  wire  which  the  magnet  can  support  will  increase  as  we 
approach  the  extremities  or  poles  N  and  S. 

The  centre  C  of  the  bar  has  been  called  the  neutral  pointy 
or  point  of  magnetic  indifference^  and  the  poles  are  those  two 
points  where  the  greatest  attractive  force  is  found  to  reside, 
which  in  this  case  are  at  the  extremities.  The  term  pole  is 
sometimes  taken  to  mean  that  point  in  each  half  of  the  bar 
where  the  greatest  attractive  force  will  be  accumulated,  sup- 
posing the  magnet  to  be  acting  upon  a  piece  of  iron  or  steel 
placed  at  a  little  distance  from  it ;  in  this  case  the  poles  are, 
on  an  ayerage,  at  the  distance  of  about  one  tenth  of  an  inch 
from  each  extremity. 
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MAGNETIC  POLARITY. 


DQtECmrB  PBOPERTT  OF  THE  XAGKETIC   KEKDLS. 


Sw  A  mugBetized  steel  needle,  suspended  horizontall; 
a  thread,  or  on  a  fine  point,  will  alwajs  point  very  n 
north  and  soath.  This  is  called  the  directive  polarity  o 
magneL  This  direction  is  so  constant,  that,  when  the  n 
is  displaced,  it  returns  exactly  to  it,  aAer  a  few  vihra 
Moreover,  the  same  extremity  of  the  needle  always  poii 
the  north,  and  the  same  extremity  to  the  sooth  ;  so  that 
needle  be  tamed  half  way  round,  it  wiU  not  rest  until  i 
resumed  its  original  position.  The  extremity  which  ] 
towaids  the  north  is  called  the  north  pole  of  the  magnet 
thai  which  points  towards  the  south,  the  south  pole  c 
magnet.  This  remarkable  property  has  been  of  great  v 
navigators. 

Magnetic  needles  are  usually  eon- 
structwl  after  the  form  shoim  in 
Fig.  8 ;  where  the  needle  turns  up- 
on a  Tertical  point,  which  enters  the 
ooDical  etsp  socwed  into  the  oeDtre 
of  the  needle. 


The  direction  in  which  the 
needle  points  has  been  called 
the  line  of  the  magnetic  meridr 
tVm.  This  line  does  not  ex- 
actly coincide  with  the  direc- 
tion of  the  geographical  me-  — 
ridian,  as  we  shall  hereafter 
more  fully  explun.  At  Lon- 
don, the  needle  at  present  points  about  24^  west  of  the 
north.  This  is  called  the  magnetic  variation^  or  mag 
decUnaiioiu  This  declination  is  not  the  same  for  all  f 
on  the  earth,  and  it  is  continually  changing  fiur  all  plao 
'the  earth. 
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Fig.  10  gins  a  Tisflble  representation  of  this  sappowd  dlitribotion  of 
the  particlCT  of  tlie  two  magnetic  fluids  in  the  body  of  a  magnetic  bar. 
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we  luppoae  the  light  squares  to  represent  the  particles  of  the  posi- 
tlTe  ftmd,  and  the  dark  squares  the  particles  of  the  negative  fluid.  As 
tKe  particles  of  the  two  fluids  ore  6cparatcd  from  one  another,  they  must 
ttxangc  themselves  according  to  the  law  of  attraction  and  repulsion 
MmmGd  in  the  theory  ;  that  is  to  say,  a  positive  and  a  negati«|  particle 
unst  always  be  contiguous  to  each  other.  From  this  it  follows  that  the 
extremity  N  wiH  be  a  north  pole,  and  S  a  south  pole. 

This  theory  readily  enables  us  to  explain  all  the  phenomena 
of  magnetism.     Let  us  take  a  few  examples :  — 

When  the  extremity  of  a  bar  of  soft  iron  is  placed  in 
contact  with  the  north  pole  of  a  magnet,  the  opposite  extrem- 
tj^  of  the  bar  also  exhibits  north  or  positive  magnetism ;  this 
■.lies  place  in  consequence  of  the  repulsion  of  the  positive 
£9  id  from,  and  the  attraction  of  the  negative  fluid  to,  the  north 
ole  of  the  magnet. 

'lYhen  a  magnetic  needle  is  broken,  it  is  obvious  that  the 
•-^-jmgemcnt  of  the  particles  of  the  two  fluids  must  remain 
r»<7luuiged  ;  that  is  to  say,  the  poles  in  the  two  magnets  must 
9    in  the  same  direction  as  the  poles  of  the  original  magnet. 

"^Then  the  north  pole  of  a  magnet  attracts  a  piece  of 
OWM  wire,  the  extremity  of  the  wire  next  to  the  north  or  pos- 
'^"^^  pole  of  the  magnet  becomes  a  south  or  negative  pole, 
•'''^5^  to  the  repellent  action  exerted  on  the  positive  fluid,  and 
»«  attractive  action  on  the  negative  fluid  of  the  wire,  by  the 
*®'^ive  fluid  of  the  magnetic  bar;  hence  the  magnet  attracts 
*^  'H'ire  according  to  the  law  that  bodies  magnetized  with 
^*'ent  fluids  attract  each  other.  This  also  explains  the 
"^^^  law  of  magnetic  induction,  which  we  shall  shortly  con- 
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of  a  magnet,  or  to  detennine  whether  or  not  a  metal  bar  ponessoi  mi^- 
Tl(^tiKm  ;  for  the  extremity  of  the  bar  which  attracto  the  north  pole  of  t 
needle  will  be  the  8outh  pole  of  the  bar,  and  the  other  extrenuty  will  be 
the  north  pole. 

Exp,  7.  Hang  a  small  key  to  the  north  pole  of  a  magnet ;  present  the 
south  pole  of  another  magnet  to  the  upper  extremity  of  the  key :  the 
\q\  n^ill  instantly  fall,  llcre  the  two  diflGerent  kioda  of  magnetiam  neu- 
tralize each  other's  effects. 

Exp,  8.  Immerse  the  like  poles  of  two  magnets  into  Bome  iran  filings; 
bring  the  two  poles  together,  and  the  filings  will  fslL  But  if  the  poke 
arc  unlike,  the  filings  will  move  towards  each  other* 

Exp,  9.  Balance  a  b^r  magnet  upon  a  common  pair  of  acaleB;  hring 
the  pole  of  another  magnet  immediately  beneath  one  of  the  pdlei  of  the 
magnet  placed  on  the  scale ;  then,  when  the  poles,  thos  fanraghl  near  to 
each  other,  arc  of  the  same  kind,  the  scale  will  ascend  from  the  repnhkn 
of  the  magnets ;  and,  on  the  contrary,  the  scale  will  deaccnd  when  the 
poles  are  of  different  kinds. 

G.  If  a  magnet  be  broken,  each  part  becomes  a  perfect 

magnet. 

Exp,  10.  Break  a  magnetized  knitting  needle;  test  the  polarity  of 
each  end  of  the  pieces;  the  poles  of  the  two  magnets  will  lie  in  the  same 
direction  as  the  poles  of  the  original  magnet. 


THEORY  OP  MAGNETISV. 

7.  The  theory  of  magnetism  is  exactly  analogouB  to  the 
theory  of  electricity.  The  magnetic  fluid,  in  its  quiescent 
state,  is  supposed  to  consist  of  two  distinct  fluids  —  the  one 
being  the  north  or  positive  magnetismy  the  other  the  90uih  or 
negative  magnetism.  When  these  two  fluids  are  combined, 
they  form  the  magnetic  fluid  as  it  exists  in  non-magnetized 
substances,  or  substances  in  a  neutral  state.  The  particles  of 
the  same  kind  of  mngnotism  repel  each  other ;  but  the  parti- 
cles of  opposite  kinds  of  magnetism  attract  each  other.  When 
the  two  fluids  exist  in  a  body  so  as  to  neutralize  eadi  other, 
then  the  body  exhibits  no  magnetism;  but  if  this  state  of 
equilibrium  be  disturbed  by  any  cause,  then  the  "^gnf^tifl 
state  is  induced. 
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MAGNETIC  INDUCTION  AND  CONDUCTION. 

9.  When  a  wire  of  soft  iron  is  placed  in  contact  with  the 
pole  of  a  magnet,  it  becomes,  as  it  were,  a  part  of  the  magnet 
itself;  for  every  portion  of  the  wire  has  the  same  polarity  as 
the  extremity  of  the  magnet  with  which  it  is  in  contact.  This 
maj  be  called  magnetic  conduction.  But  if  the  contact  be 
aver  bo  slightly  broken,  the  wire  becomes  a  complete  magnet 
teving  two  poles ;  and  this  takes  place  in  consequence  of  th^ 
iperatioa  of  another  principle,  —  that  of  induction,  —  which 
DOW  claims  our  attention.  When  the  sofl  iron  wire  has  been 
entirely  removed  from  the  magnet,  afler  a  short  time  it  no 
longer  possessei?  any  magnetic  properties ;  it,  in  fact,  was  only 
decidedly  magnetic  while  it  was  in  contact  with  or  very  near 
Co  the  magnetized  bar.  Soft  iron  receives  the  magnetic  influ- 
ence most  easily ;  but  it  also  parts  with  it  most  easily,  when 
taken  away  from  the  magnet.  Steel  and  cast  iron  are  not  so 
easily  magnetized ;  but  when  the  magnetic  property  is  once 
imparteil  to  them,  they  retain  it  for  years,  unless  they  are 
Bubject  to  some  counteracting  influence. 

Magnetic  induction  is  that  influence  which  a  magnet  exerts 
Upon  substances  at  a  distance  from  it. 

Let  N  S  be  a  magnetic  bar,  N  being  its  north  pole,  and  S  its  south 
pole ;  n  «  a  soft  iron  bar,  ha"ving  its  extremity  a  placed  near  to  the  ex- 
tfcmity  N  of  the  magnet ;  then  the  soft  iron  bar  n  a  TtiU  be  a  perfect 
magnet  so  long  as  the  pole  of  the  magnet  N  S  is  near  to  its  extremity  9  ; 
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the  extremity  w,  in  fact,  will  be  its  north  pole,  and  a  its  south  pole.  To 
render  the  magnetic  induction  api)arcnt,  a  small  key  may  be  suspended 
Tom  the  extremity  n.  ITie  nearer  the  bar  N  S  w  brought  to  the  bar  «  n, 
he  more  powerful  will  be  the  magnetism  induced  in  it.     I^  the  magnet 
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']■.'■  lik-  ]"ili'S  "if  iwo  mairiiet.1  n-pi-1  taoh  oih-r  ly  i 
>.f  ill"  iiiuliiul  iv|iiil.-iuii  .-^iil»i.-r[ii)g  lielWL'Cn  IhejuTi' 
li..:  ~:ii:ii-  kiii<l  of  iiuiiiiitti'-  tluidt  aiid  tlic  uiiliku  \'i.:i 
TiKijii'-K  at[iii<-t  i-ach  Other,  in  co^^ellueIu■c  uf  ilu-mx 
:i>'<.i'iu  -iili?i:-litii.'  lii.'In'CL'n  the  jKirtk'liia  i>f  tLi;  two  Mi3i 
U  ..t'  111.'  nuiLm-'lif  tluiil. 

'Ii.-  ti'ii'.ti  pok-  iif  tht;  nocdli-  i:i  •liroctt.-d  li-vant  I 
:!i  ]>ii1i-  lit'  tlx'  oartli.  be<.-au-i(;  tlie  cartli  itself  u  i  p 
!]i''i.  Ii:iviiii!  its  ]ii-;::t[ivt-  inarriiciio  pole  lyinj^toviHi 
;li  <:<'i>'_'i-;i|'liii';il  |i(>U'.  mid  iis  jiu^icivt:  uuigimiic  iwle  \f. 
iinl-  i[-  >i>:illi  ir'.'o^r.i|>liii'ul  [lule. 
'Iik:iii|i  III'  till'  iivi^ii-'lio  iii»-(lle  mny  be  readily  «»!ii 
iinisidirin.:  tin-  dii'iiing  diri'ciioii  of  the  necJlu  to  H 
I'liiiti  of  till-  i'<"-iili;<nt  <•(  the  mainiellc  furee^  re«iuiB{ 
"iirtli,  nlii'ii  lU't  iijioii  llie  lU'Ltlle.  But  this  subj<M 
licri  ati'-r  iimre  fully  eiciiluiiii-d. 
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F!g;  10  gifia  a  TkQde  icpreaentation  of  this  8a|ipGBed  distribotion  of 
the  paticla  of  the  two  magnetic  fluids  in  the  body  of  a  magnetic  bar. 


!!_l-iiJI  11  11  liJUULli^fl^ 


Fig.  10. 

Ben  xre  tnppose  the  light  squares  to  represent  the  particles  of  the  posi- 
tire  fluid,  and  the  dark  squares  the  particles  of  the  negative  fluid.  As 
the  particles  of  the  two  fluids  are  separated  fhnn  one  another,  they  must 
anange  themselves  according  to  the  law  of  attraction  and  repul»on 
■iwuiupd  in  the  theory ;  that  is  td  say,  a  positive  and  a  negatimparticle 
must  always  be  contiguous  to  each  other.  From  this  it  follows  that  the 
extremity  N  will  be  a  north  pole,  and  S  a  south  pole 

This  theory  readily  enables  us  to  explain  all  the  phenomena 
of  magnetism.     Let  us  take  a  few  examples :  — 

When  tlie  extremity  of  a  bar  of  soft  iron  is  placed  in 
contact  with  the  north  pole  of  a  magnet,  the  opposite  extrem- 
ity of  the  bar  also  exhibits  north  or  positive  magnetism ;  this 
takes  place  in  consequence  of  the  repulsion  of  the  positive 
fluid  from,  and  the  attraction  of  the  negative  fluid  to,  the  north 
pole  of  the  magneL 

When  a  magnetic  needle  is  broken,  it  is  obvious  that  the 
arrangement  of  the  particles  of  the  two  fluids  must  remain 
unchanged ;  that  is  to  say,  the  poles  in  the  two  magnets  must 
lie  in  the  same  direction  as  the  poles  of  the  original  magnet. 

When  the  north  pole  of  a  magnet  attracts  a  piece  of 
iron  wire,  the  extremity  of  the  wire  next  to  the  north  or  pos- 
itive pole  of  the  magnet  becomes  a  south  or  negative  pole, 
owing  to  the  repellent  action  exerted  on  the  positive  fluid,  and 
the  attractive  action  on  the  negative  fluid  of  the  wire,  by  the 
positive  fluid  of  the  magnetic  bar ;  hence  the  magnet  attracts 
the  wire  according  to  the  law  that  bodies  magnetized  with 
^liferent  fluids  attract  each  other.  This  also  explains  the 
great  law  of  magnetic  induction,  which  we  shall  shortly  con« 
sider. 


i^'       >ATrsM  an:>  ExrcRiXfsrrAL  rniLosoPHT. 

N  f^  :•!  tiir-.  r»-'7- .  :>.— «  i^er  &  *Vr:  time,  the  little  key  iE  ▼iUUiaf 
izA  :cr  1  -..  LT.i .:  r^  s-rc  Iji-e  &Z  itbco  of  magnetina. 

H.TE  i:-:  ri sr^T-:  £^i  i:  N  rr;*:^  ih*  poative  duid  from  the  extiniutr 
c.  L-  i  l:  :i-:  sir.-:  im-:  LTtn.ts  ul«  nepanTc fluid;  hence  the  eqnilibrias 
.:  in  TV  .  l-_i?  :=.  :':i-:  sen  :r:^  a  j  is  difsurbed,  the  extremity  »  being 
ir.  1  -  ■:cT.-Ti  r:  jjrLt":! :  'liTt,  ir.i  ibe  extrsnity  n  in  a  positive  magnctie 
f'l'-: .  .:.  i~  I'-.^at  « :r5«.  9  >:>.v:c:c»  a  ATuih  ma^ttic  pole,  and  n  a  north 

Lr^r  :hf  sc^il  pc^  c^  a  ;«ar  near  10  ■  .-  then  the  magnetic  inductiia 
ttJ;.  r«  d.^-':l:<i ;  ih-:-  Icwer  cxtrEsniiy  of  the  little  key  k  will  nac  ttmaidl 
:r— *  >.  r.j:  ti  1:  :  sr.  i  i  zn'i^'r.  hcvricT  key  may  be  faipparted  by  the  cx- 
:r.—  rj  •..  Now  :r--^  tb-:  nirth  joie  cf  a  bar  near  10  n  :  then  the  key 
i  ^-^  isjca^ily  dr.T  %:  5 ;  :-.  tli*  case,  the  two  poles,  being  of  the  same 


i,  c«:r.:-:r»:t  ciui:  otixr"*  ir.ducr-«- 


A  «Ti*s  c:  Kft  ir.-r.  bi:?  ir.2v  be  xr.azr.ctu:cd  in  the  same  manner. 
Thus  l£C  A  be  a  ?civ^.^  E^^znctic  bar;  B,  C,  and  D  a  scries  of  soft  xron 


bars  placed  near  each  other,  as  ^hown  in  Fis.  12  :  then  all  these  soft  irrm 
bazs  from  the  cctior.  of  ir.duction.  ^iH  become  perfect  magnets,  having 
their  poles  &<  inditaiLU  ly  the  Icttiin  of  the  figure. 

The  law  of  ma^Kic  induction  is  exactly  analogous  to  the 
law  of  electrical  induction. 

llie  follow  ins:  Mmple  experiments  \i-ill  render  the  law  of  magnetic 
induction  and  conduction  mure  ai^parent. 

MAGNETISM    BY    CONTACT. 

10.  Exp,  1.  Place  a  long  piece  of  soft  iron  wire  in  contact  with  the 
north  pole  uf  a  powerful  magnet ;  ten.  the  magnetism  of  the  wire  by 
means  of  a  magnetic  needle ;  the  south  pole  of  the  needle  will  be  erery 
where  attracted  by  the  wire,  thereby  showing  that  the  wire 
north  polar  magnetinn. 

Krp,  2.  Cut  some  short  pieces  of  iron  ift-ire ;  present  the  end  of 
of  them  to  the  pole  of  a  strong  magnet :  it  ^nH  be  immediately  attract 
I'd ;  the  free  end  of  this  wire  will  now  attzact  a  second  wire,  and  this  in 
its  turn  will  attract  a  third  wire,  and  so  on.    All  thew  wirei  booaniA 
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to  their  oonnectian  \dth  the  pole  of  the 

Xic  bar.  In  like  manner  the  phenomena  of  the  izon  filings  adher- 
I  the  pole  of  a  magnet  may  be  explained:  each  filings  thus  nia- 
I,  is  oQnTerted  into  a  little  magnet. 


MAQNETISSC   BT   INDUCTION. 

Exp,  1.  Place  the  extremity  of  a  kmg  iroa  wire  opposite  to  the 
peiirqf  >inagnefiin  needle;  bring  the nortii  pole  of  a  magnetic  bar 
0  the  apposite  extremity  of  this  wire :  the  needle  will  be  instantly 
9d. 

>.  3.  Sa^end  two  jneces  of  soft  iron  by  a  thread,  as  shown  in  Fig. 
dng  the  north  pole  of  a  magnet  close  to  the  kiwer  extremities  of 
x«B :  the  wins  will  repel  each  other,  after  the  manner  shown  in 
line. 
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Fig.  13. 


Fiff.  14. 


•.  8.  Hold  a  large  key  near  the  pole  of  a  powerful  magnet :  then, 
key  becomes  a  magnet  by  induction,  it  will  carry  two  small  keys, 
its  lower  extremity,  and  the  other  at  its  upper  extremity,  as  shown 
.14. 


THE  DIP   OF  THE   MAGNETIC   NEEDLE. 

Besides  the  directive  property,  the  magnetic  needle, 

freely  suspended,  has  another  remarkable  property, 

[  its  dtpf  whereby  its  north  pole  dips  towards  the  north 

>f  the  earth  in  our  hemisphere,  and  its  south  pole  towards 

rath  pole  of  the  earth  in  the  southern  hemisphere. 
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At  present,  the  nugnetic  dip  at  London  is  Kbont  67". 
This  property'  may  be  readily  verifled   in  the  fidb 
manner :  — 

Eiprrimml.  Tbzvtt  m  knittmg  needle  n  i  through  k  cotk  e,  M I 
in  Fig.  15 ;  M  right  uiglet  to  thii  needle  thrust  a  fine  eewing  i 
through  the  cork,  which  will  fbna  the  txa  of  the  needle  »  i ;  itli 
uiiIwiM«d  thread  a  d  A  to  the  aii«,  and  suspend  the  wbcJe  bj  the  e> 
ity  of  the  thnad.  taking  can  to  tkraM  ■  ■  (itha  tma  way  m  th> 
until  it  11  siupended  in  a  pofectlj  boriiontsl  poaitimi.  Now  au| 
the  needle  n  i,  which  maj  raadilj  be  done  by  amply  k^c^tag  il 
■bort  timp  acras  the  two  poles  of  a  htncalwe  magnet.  Agwi  h 
the  needle  and  it  will  be  found  that  its  north  pole  will  dip  tomr 
Tmtb.    Can  mnit  be  takoi,  ii 


^s^ 


Tbia  experiment  may  be  pofbrmcd  with  more  [ledami  t^  plad; 
axis  a  (I  between  two  upright  supporti  o  6,  a  ft,  as  shown  in  F 
The  faert  supports  tar  the  axis  are  die  edges  of  two  wine  glaMS. 

The  angle  which  the  dipping  needle  makes  with  the 
zon  at  any  phice  is  called  the  angle  of  the  neediest  dip  at 
particular  place.  This  angle  is  not  the  same  for  all  p 
At  places  in  the  norlhern  hemisphere,  the  north  pole  o 
needle  u  depressed ;  and  at  places  in  the  southern  bemiq 
ITie  soodi  pole  of  the  needle  is  Jepnwed.  At  places  ne 
the  equator,  the  needle  has  no  dip  —  that  is  to  Mj,  it  1 
hotisontally. 


ttntmoitt  onatiucted  for  the  puipcne  of  exactljr  obterring  the  dip 
■  <Krtical  grsdiuted  dicle  connected  with  them,  and  ■lao  ■  Kiew 
Anent  fat  pladng  the  axis  ezactl;  boriiontsl,  wi  shown  in  K^  IT. 


Fig.  17. 


Ig.  IS  leiiBwuts  a  nmple  form  of  magnetic  appnratua  ft^  showing 
lircction  at  the  needle,  as  well  as  its  dip.  By  iJiia  contriTance,  tho 
le  n  *  baa  a  twofold  free  motion,  viz.,  a  free  motion  with  respect  to 
inctive  property,  and  a  free  motion,  on  its  boiizontol  axis  //,  with 
M  to  the  angle  of  its  dip.  abed  is  a  liglit  frame  suspended  by  an 
riited  thread ;  the  homonlal  axis  //  of  the  needle  turns  freely  in 
ides  a  b  and  d  e  of  the  frame.  A  needle,  thus  Suspended,  will  settle 
'  in  the  plane  of  the  magnetic  mciidian,  and  will  also  assume  the 
mgle  of  the  dip. 

w  tubjeet  of  magnetic  vaijatione,  &e.,  will  be  more  fully  explained 
nnectwa  with  that  of  tenestrial  magnetism. 
25 
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TO  MAGNETIZE  STEEL  BARS,  &c. 

I.     TO   MAGNETIZE   A   NEEDLE   WITHOUT   USING  AV 

ARTIFICIAL   MAGNET. 


13.  Fix  the  nccdJo,  acrainst  the  edge 
of  a  table,  in  the  magnetic  meridian  — 
that  is,  nearly  north  and  south :  hold 
a  long  poker  above  the  needle,  and 
another  one  below  it,  as  shown  in  Kg. 
19  ;  then  move  the  pokers  in  contrary 
dir.xrtions  until  they  come  to  the  posi- 
tions shown  in  Fig,  20;  repeat  this 
operation  for  several  times,  always  ob- 
serving, at  every  successive  operation, 
to  move  the  pokers  in  the  same  man- 
ner, and  the  needle  will  bo  magnet- 
ized. IJfere  the  pokcr^  being  held  in 
the  direction  of  the  magnetic  dip,  real- 
ly become  magnets.  (^See  the  subject 
ox  TcxTe»trial  Magnetism.) 


i 


19. 


IL     TO   MAGNETIZE   STEEL   BARS,  &c.y  BT  MAGNETS. 

14.   There  have  been  various  processes  devised  for  magnetising  stall 
ban.    The  following  are  amongst  the  mott  simple  and  p^rif^t :  ^ 

Jfost  easy  Methods  of  magnetizing  a  small  Needk. 


Exp,  1.  Bring  the  pointed  extremity  of  a  sewing  needle  in 
with  the  south  pole  of  a  magnet ;  k*t  the  needle  remain  in  contact  for  a 
few  minutes ;  on  separating  them,  you  will  find  that  the  pointed  ex- 
tremity has  become  a  north  pole,  and  the  other  a  south  pole. 

Here  it  will  be  observed  that  the  end  of  the  needle  in  contact  with  ths 
pole  of  the  magnet  acquires  an  opposite  or  dissimilar  magnetism  to  that 
of  the  pole.  The  equilibrium  cf  the  two  magnetic  fluids  in  the  needle 
i»  di*turbcd  by  the  j-rlo  of  the  m:!*:iif  t  at  the  pohit  of  the  needle^  ths 
dL^imilar  magnetic  Iluid  is  attravteJ  hy  the  jr^Ic,  and  the  Kmilar  fluid 
is  repelled. 

Krp.  2.  Rub  one  end  of  the  needle,  in  the  same  direction,  acixM  the 
north  pole  of  the  magnetic  bar,  and  then  rub  the  other  extremity  cf  tht 
needle  ecvosi  the  south  pole  of  the  bar :  then  the  ibnna  extsmmtf  d 


ibm  iieedlt  will  be  a  north  magnetic  pole^  and  tfaa  other  eatnmity  a 
■outh  magnetic  pole. 

Exp.  3.  Place  the  needle  acroaB  the  two  poles  of  a  horaeBhoe  magnet ; 
let  it  remain  there  for  lome  time ;  on  removing  it,  you  will  find  that  the 
extremity  in  contact  with  the  north  pole  of  the  magnet  has  become  a 
■oath  pole,  and  the  other  a  north  pole. 

Exp.  4.  Place  the  middle  of  a  needle  on  the  north  pole  of  a  magnet ; 
separating  them,  you  will  find  that-  the  middle  of  the  needle  is  a 

ith  pole,  and  that  its  extremities  are  north  poles.  This  will  form  a 
pretty  good  astatic  needle. 

Exp.  6.  With  the  pole  of  a  good  magnet,  draw  any  Agate  upon  the 
flmjbce  of  a  clear  steel  plate ;  sprinkle  irofi  filings  upon  it :  the  filings 
win  femain  suspended  at  all  those  points  which  the  pole  of  the  magnet 
iMMtoiiched. 

Bxp.  6.  Place  one  pole  of  a  magnet  in  the  middle  of  the  sted  bar ; 
dksw  the  magnet  along  to  the  end  of  the  bar;  return  the  magnet, 
through  the  air,  to  the  middle  of  the  bar,  and  repeat  the  stroke  in  the 
•ame  direction ;  repeat  this  operation  for  scrcral  times.  Next  place  the 
other  pole  of  the  magnet  in  the  middle  of  the  steel  bar,  and  proceed  as 
belbre,  observing  that,  in  this  case,  the  magnet  ^mm»t  be  drawn  to  the 
cg^posite  extremity  of  the  steel  bar. 

Hub  process  has  been  called  the  method  of  tingle  touch. 

The  Method  of  BouMe  Touch. 

16.  This  process  consists  in  touching  the  steel  bar  which  we  wish  to 
nagnetiic  with  both  poles  of  the  magnet  at  the  same  time.  This  method 
la  always  employed  when  large  steel  bars  are  to  be  magnetized. 

Faitcn  two  bar  magnets  together,  so  that  their  dissimilar  poles  may  be 
about  one  eighth  of  an  inch  asunder;  this  will  be  most  readily  effected 
hf  ioflerting  a  piece  of  cord  paper  between  them,  and  tying  them  with  a 
of  cord.  Place  this  double  magnet  vertically  upon  the  middle  of 
tteel  bar ;  draw  the  magnet  to  the  end  of  the  bar ;  return  the  mag- 
through  the  air,  to  the  other  end  of  the  bar ;  draw  the  magnet,  as 
?,  to  the  opposite  end  ;  repeat  this  process  for  several  times,  taking 
to  keep  the  pole  of  the  compound  magnet  always  in  the  saro^rela- 
=tlfe  position,  and  to  stop  the  jooccss  when  the  magnet  has  arrived  at  the 
middle  of  the  bar.  The  operation  should  be  performed  on  both  sides 
of  the  bar. 

A  honcshoe  magnet,  having  its  poles  near  together,  will  answer  the 
le  purposes  as  the  double  magnet  just  described, 
ds  method  may  be  employed  to  magnetiae  two  or  more  ban  at  the 


Fv.21 


npeen  of  nftiiaa,  A.  md 


otbs,  and  etmwct  tbm  emanrdi 

Pkue  ibe  pole  of  tlic  dad^  mMenrt  on  the  middle  of  ooccf  tbeitad 
bm,  ud  cwTv  ii  nznplctt^v  loimd  tit  bune,  canttantly  keqng  tl> 
pedes  of  ihc  dinUi  Du^im  in  the  tame  directioii ;  wboi  yon  hMTc  «am- 
pletid  tlboaX  K  dmea  m-oiudeaf.  turn  the  plaua  and  proceed  at  bdte& 
The  polo  of  the  «k1  bus  Kill  here  ■  revaBC  pcwtion  to  the  polcnf  thi 


To  ma^rtizt  Hontthoe  Ban. 

Fit.  2!  ihoici  the  method  of  nugnetiiiitg  one  honethoe  bw  X.  Plaee 
a  piece  of  soft  iron  K.  called  a  knprr,  rchjm  the  extremhiei  of  the  fatne- 
■hoe;  place  a  honeEhoe  magnet  M,  whoce  Icfi  ve  at  the  same  dktaiiM 
mgnt  w  thoM  of  the  bar  X,  with  iu  potea  pajendirular  to  the  keyr  K ; 


F^.  22. 


J^.  23. 


draw  the  magnet  towudi  the  bmt  port  of  the  hoiMihoe ;  when  it  hm 
BiriTed  tbCTe,  lift  it  off,  and  bring  it  back  to  its  Snt  petition ;  icpaat  the 
operation  for  about  a  doicn  tima ;  then  turn  the  hoiaahoe  bar,  with  ita 
keeper  nil!  on,  uid  lepeat  the  operation  u  befoic ;  and  *o  on. 

The  polarity  of  each  leg  of  the  hnnesboe  bar  will  be  uailar  to  that 
of  the  leg  of  the  magnet  Gnt  iilaccd  in  contact  with  it. 

Fig.  3S  dkava  the  method  of  magnetiiias  two  honeriuM  ban  at  dw 
MBwtiiDe.    Tbe  ban  ue  cUoed with thmr  « 


VAGNSTISM. 
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krknadioe  magnet  M  ii  moved  from  the  ciir?ed  pert  of  one  bar  to 
kcarfed  part  of  tbe  other,  oonstantly  in  the  same  direction. 

The  lallowing  la  also  a  oonvenient  and  efficient  mode  of  anangement 
(mflg.  24)  fiv magnetiang  ban. 


1^.24. 

M II  is  the  honeahoe  magnet,  placed  with  its  pdea  against  the  ez- 
tiemitiea  of  the  hoKseshoe  bar  to  be  magnetized ;  A  is  a  soft  inm  keeper 
frtwwiing  between  the  legs  of  the  hcneshoes ;  this  keeper,  or  feeder,  is 
dnEwn  in  the  same  way  as  the  magnet  represented  in  Fig.  23. 
'  In  the  same  manner,  straight  bars  may  be  magnetiaed. 

In  Fig.  25,  M  M  represents  the  magnet,  A  the  feeder,  B  B  the  two 
bars  to  be  magnetized,  and  K  their  keeper. 


e 
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Flff,  25. 

When  magnetic  bars  are  not  in  use,  they  should  always  be  put  away 
with  their  keepers  upon  them;  this  not  merely 
preserves  their  magnetism,  but  also  tends  to  in- 
crease U. 

A  compound  horseshoe  consists  of  a  number  of 
horseshoe  magnets  bound  together  by  scnn^-s,  and 
connected  at  thdr  poles  by  means  of  a  keeper,  as 
shown  in  Fig.  26. 

fig.  27  represents  a  lot  of  bars  bound  together 
in  the  same  manner. 


On  the  hut  Quality  of  Steel  for  making  Magnets. 

'     16.  The  steel  best  suited  for  artificial  magnets  is  of  a 
grain,  of  uniform  structure  throughout,  and  free  from  f 
A  principal  requisite  is,  that  it  should  possess  a  proper  d( 
of  hArdneas,  and  that  it  should  be  equally  hardened,  thr 
CNit  thfl  entire  mass ;  for  if  too  hard,  it  is  extremely  di 
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to  impart  to  it  anr  magnetic  yirtiie ;  and  if  too  aofti  it  mA- 
ilr  lose^  it  when  given.  It  has  been  fiMind  most  adrantagflOOl 
to  mnke  the  steel  in  the  first  instance  brittle,  like  giaas,  and 
then  to  heat  it  a  second  time,  till  it  becomes  of  a  straw  or  tio- 
lei  color. 

The  capacitr  and  tenacity  of  artificial  magnets  aie  aho 
afi*ected  bv  their  form  and  dimensions.  It  has  been  aseei^ 
tained  that  the  breadth  of  a  bar  magnet  should  be  aboot  one 
twentieth  of  its  lensrth,  and  its  thickness  from  one  foarth  to 
one  third  of  its  breadth.  In  a  horseshoe  magnet,  the  space 
between  the  two  poles  ought  not  to  be  greater  than  the  tkick- 
ness  of  the  bar  of  which  the  magnet  consists.  Lastly,  k  is 
necessary  that  both  bar  and  horseshoe  magnets  be  wdl  pol* 
ished,  and  that  their  faces  be  as  level  as  possible. 

Magnetism  is  readily  excited  in  soft  Iron  Bars. 

17.  A  bar  of  sofl  iron,  placed  in  the  direction  of  the  mag 
netic  dip,  bccoraes  magnetic  from  the  inductive  influence  ol 
the  earth  acting  like  a  magnet  upon  the  bar.  A  few  bknri 
applied  at  one  extremity  of  the  bar,  thereby  causing  its  par. 
tides  to  vibrate,  will  generally  aid  the  inductive  infinenoe  of 
the  earth. 

A  bar  of  iron  heated  to  redness,  and  allowed  to  cool  after 
being  placed  in  the  direction  of  the  magnetic  dip,  will  aoquii^ 
a  certain  degree  of  magnetism.  Hence  pokers  and  iron  rails, 
which  have  been  kept  for  a  long  time  standing  in  a  somewfaaii 
vertical  position,  are  generally  found  to  possess  a  low  degree 
of  magnetism. 

A  piece  of  iron  wire  may  be  rendered  magnetic  by  twisting 
it  until  it  breaks ;  and,  in  like  manner,  files  and  gimlets, 
after  having  been  some  time  in  use,  become  ao  much  mag&et- 
ixed  as  to  attract  iron  filings. 

Voltaic  electricity  is  the  most  powerful  means  of  rendering 
bodies  magnetic 


xJLOinsMnc. 


« . 


Stpmimmii,  Allow  a  magnetic  needle 
Iff  8  to  aannne  its  north  and  south  direc- 
tioa;  take  a  non-magnetized  poker,  and 
hold  it  in  a  hoxixontal  position  and  at  right 
isiglflB  to  the  directum  of  the  needle,  so  as 
to  hring  one  of  its  extremities,  say  its  lower 
iBKtRmity,  near  to  the  north  pole  of  the 
■mdk;  the  needle  will,  of  course,  be  at- 
ttTted,  if  the  poker  is  not  magnetic ;  now 
Ibid  the  poker  in  the  direction  of  the  mag- 
Bflde  dip^  as  shown  in  Fig.  28,  and  the 
^MQi  pole  N  will  be  repelled  —  thereby 
dioiwing  that  the  lower  extremity  »  of  the  Fig.  28. 

»  a  north  magnetic  pole.    The  cf- 
wiU  be  increased  by  striking  the  head  «  of  the  poker  with  a  hammer. 


TERRESTRIAL  MAGNETISE! 

18.  Iq  order  to  account  for  the  directive  and  dipping  prop- 
erties of  the  needle,  it  has  been  stated  that  we  must  regard 
the  earth  as  a  great  magnet,  having  a  negative  magnetic  pole 
Ijring  towards  the  north  geographical  pole,  and  a  positive  mag- 
netic pole  lying  'somewhere  towards  the  south  geographical 
^le.  The  following  experiment  is  highly  calculated  to  illus- 
trate this  theory. 

Experiment.    Place  a  magnetic  needle  (see  Figs.  29  and  30)  n  f  over 
ndddle  part  A  of  a  magnetic  bar  N  S ;  in  this  position  the  needl6  is 
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Fig.  20. 


i.yj--^%\A 


Fig.  80. 


29G         NATURAL   AND   EXFERISTENTAL   FHILOSOPHT. 

exactly  horizontal,  and  the  routh  pole  of  the  needle  is  directed  to  te 
north  pole  of  tlic  magnet,  and  the  north  pole  of  the  needle  to  the  aoath 
pole  of  the  magnet.  Thus  we  can  assign  a  cause  for  the  dircctiye  prop- 
erty of  the  needle.  Now  slowly  move  the  needle  along  the  bar  from 
A  to  S ;  at  the  position  11  the  north  pole  of  the  needle  dip^  towards  the 
south  pole  of  the  magnet ;  at  the  position  C,  the  north  pole  of  the  nee- 
dle dips  still  more  towards  the  south  pole  of  the  mag^nct ;  and  at  S  the 
needle  hangs  vertically,  with  its  north  pole  pointing  to  the  south  pole 
of  the  magnet.  Now,  in  like  manner,  move  the  needle  from  A  to  N ; 
at  the  position  b  the  south  pglc  of  the  needle  dips  towards  the  north  pole 
of  tlie  magnet ;  and  so  on  as  before.  (In  Fig.  30  the  needle  is  supposed 
to  be  suspended  by  a  thread.)  Thus  we  can  account  for  the  mag- 
netic dip. 

The  phenomena  of  the  direction  and  dip  of  magnetic  nee- 
dles at  difFerent  parts  on  the  earth's  surface  are  found  to 
coincide  with  the  ejects  which  a  bar  magnet  produces  on  the 
needle,  as  above  described ;  hence  we  are  led  to  conclude  that 
the  eai'th  is  a  great  bipolar  magnet,  whose  poles  lie  towards 
the  geographical  poles  of  the  earth.  As  like  poles  attract, 
and  unlike  poles  repel  each  other,  it  follows  that  (Jte  mag- 
netic  pole  of  the  earth  lying  towards  the  north  i$  a  negative 
mag  net  ic  pole,  and  tliat  the  one  lying  towards  t/te  south  u  a 
positive  magnetic  pole.  The  former  magnetic  pole  is  situated 
in  North  America,  in  the  vicinity  of  liutlson's  Bay,  in  70"*  %/ 
N.  lat.,  and  114*  nb'  W.  long.;  and  the  other  in  72'*  35'  S. 
lat.,  and  IT) 2°  30'  E.  long.  At  these  places  the  dipping  nee- 
dle assumes  a  vertical  position,  as  shown  at  P  and  K,  Fig.  31. 
Sir  James  Ross  found  the  pole  P  in  the  northern  hemisphere 
during  his  arctic  expedition  of  1829.  The  actual  existence 
of  the  magnetic  poles  in  these  places  is  further  confirmed  by 
the  fact  that  the  magnetic  needle,  at  different  parts  on  the 
earth*s  surface,  is  always  directed  towards  these  points  as 
magnetic  poles. 

At  the  magnetic  equator  M  T  the  needle  assumes  a  harinntal  positlnu 
As  we  approach  the  magnetic  pole  P,  the  north  pole  of  the  needle  dips 
more  and  more ;  and,  on  the  contrary,  as  we  approach  the  magnetic  pok 
K,  the  south  pole  of  the  needle  dips  more  and  more.  On  the 
mtridien  K  Q  P,  K  Y  P,  &c^  the  nwdle  has  always  the 


^ 


tt*«Mk,  S  Q  to  gcagtq^Ucd  aquUMv  8 
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X  T  :P,  K  X  P,  nagnetic  mai<UBns;  then  th*  angle*  P  V  N  ind 
V  X  If  wiU  b*  tha  drclinntionii.  <x  uigte*  of  Tanatioa.  of  the  magnetic 
madia  at  tbe  pomU  V  and  X,  rcspectivelj.  The  commaiulBi  of  a  chip 
A  V,  knowing  fivm  his  charts  the  deviation  of  the  needle  at  the  por- 
tknlar  ^ot,  will  be  able  to  BBcertoin  the  tne  north  and  south.  The 
mafMlic  paralUlt  D  F,  J  L,  &c.,  are  Unet  of  equal  magnetic  dip,  aa 
Hmmu  at  r  and  I,  on  the  magnetic  parallel  D  F,  yrhae  the  nccdln  i  », 
*ik,  £p  towaida  the  pole  P,  at  the  eame  angle. 

It  »n«t  be  bwne  in  mind  that  these  differeot  ntagnetic  lines  upon  the 
Mrtb  ai*  not  exactly  formed  bjr  true  lecciont  of  the  iphor,  like  tha 
BpagiqtbiMl  circlca.  Indeed,  lome  of  theee  magnetic  linn  have  the 
lb»p»  of  looped  curves,  or  currca  of  double  cuiratur^  di&ring  more  or 
iMi  fiomtlie  circular  lines  shown  in  Fig.  31. 

The  lines  of  equal  dip  bare  been  called  uoelinic  linet ; 
tbese  lines,  as  we  have  ebown,  surround  the  globe,  running 
nearly  parallel  with  the  magnetic  equator.  It  is  a  remariiabte 
&gI,  that  there  is  a  coincidence  subsisting  between  these  lines 
aii4  tb*  iiotbormal  lines,  or  lines  of  equal  beat,  upon  tbe 
iJobe:  tbit  cmnddeDoe  indicates  tbot  tbe  earth's  magnetism  is 
iotinialel^  connected  with  terrestrial  heat. 
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The  indoctiye  influence  of  the  eazth  upon  bexB  of  aoft  iron  (tee 
iwunts,  p.  13  and  26,)  bean  a  striking  analogy  to  the  induction  of  mi^ 
netism  by  ordinary  magnetic  ban.  The  magnetic  effecta  d  the  Ciith 
are  undoubtedly  attributable  to  the  inductlye  inflooice  of  tcnobiil 
magnetism. 

VARIATIONS   OP  THE  NEEDLE. 

19.  The  earth*s  magnetic  powers  are  subject  to  both  reg- 
ular and  irregular  variations.  These  Yarialioiis  are  indi- 
cated by  the  changes  which  occur  at  the  same  place,  in  the 
declination  and  dip  of  the  needle,  and  in  its  magnetic  in- 
tensity. 

The  regular  variations  follow  a  certain  law,  which  enables 
us  to  calculate  beforehand  the  changes  that  in  future  will  take 
place.  These  regular  variations  are  either  secular  or  peri- 
odic. The  secular  changes  become  only  evident  after  the 
lapse  of  years,  and  the  periodic  are  those  which,  as  it  were, 
oscillate  within  short  periods  of  time. 

Of  all  the  secular  variations,  the  declination  is  that  whidi 
has  been  most  observed,  and  which  has  been  most  exactjij  de- 
tennined.  Tiie  dip  and  intensity  have  but  recently  claimed 
the  attention  of  philosophers. 


About  the  yeor  1600,  the  needle  at  London  pointed  4^^  to  the  eiat  of 
the  north ;  1660  it  pointed  due  north ;  from  which  time  it  gradQaSy 
deviated  to  the  west  of  the  north  imtil  the  year  1818,  when  it  deviated 
24-3°  to  the  west  of  north,  which  was  its  maximum  deviation ;  but  fiir 
the  last  30  yean  its  declination  has  certainly  been  decreaang,  and  in  aU 
probability  it  vnll  continue  to  do  go  until  it  again  becomes  due  north; 
then  the  declination  will  increase  towards  the  east  until  the  needle  hia 
again  attained  its  maximum  eastern  declination«  when  it  will  again 
return. 

All  that  is  known  xi-ith  certainty  relative  to  the  dip  of  the  needle  ii» 
that  at  present  it  is  decreasing  in  Euxxype.  The  maximum  dip  of  the 
needle  at  London  took  place  about  a  century  ago,  when  it  was  about 
74^^ ;  since  that  time  it  has  been  going  on  decreasing,  with  great  icgu- 
larity,  at  the  rate  of  3'  annually.  At  London,  tho  dip  of  the  necdlt  it 
the  present  time  is  about  GS^, 

The  variation  of  the  magnetic  intensity  has  but  recently  «*l«»"«^  the 
attention  of  experimentalists ;  however,  it  seem^  highly  pnbafali  dul 
thzf  intennty  is  at  present  decnaang  Vai'EraoKi^. 
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"Hie  eompMB  needle,  also,  undergoes  diurnal  and  annual  ystiations. 
Theae  Taxiations  appear  to  be  intimately  connected  with  the  heat  of  the 
lun.  From  sunriae  to  a  little  after  noon,  the  north  polo  of  the  needle 
morea  towards  the  west,  and  after  that  time  it  retrogrades  towards  the 
east  until  a  little  after  sunset  in  the  evening,  when  it  remains  nearly 
stationaiy  until  sunrise*  The  extent  of  these  variations  depends,  not 
only  on  the  time  of  the  year,  but  also  upon  the  situation  of  the  place. 
In  London,  during  the  heat  of  summer,  the  variation  is  about  19', 
whereas,  in  winter,  it  ia  only  about  7'.  In  Paris,  the  summer  variation 
ia  about  16',  and  in  winter  about  9'.  These  variations  disappear  imder 
the  magnetic  equator ;  and  on  the  south  of  it  they  arc  found  to  exist  in 
an  invoted  order. 

The  dip  of  the  needle  is  also  subject  to  daily  variations,  which  also 
tcppeaz  to  depend  upon  the  action  of  the  sun's  heat  upon  the  earth ;  but 
they  do  not  exactly  accord  with  the  daily  variations  of  declination. 

The  variations  of  magnetic  intensity  also  appear  to  depend  upon  the 
■em's  heat. 

The  irregular  magnetic  variations  are  connected  "^^ith  certain  electrical 
and  meteoric  phenomena,  such  as  the  aurora  borealis,  lightning,  and 
even  volcanic  eruptions.  A  flash  of  lightning  has  been  known  to  reverse 
the  poles  of  a  needle,  and  even  to  destroy  its  magnetism  entirely. 

THE   DECLINATION    COMPASS   AND   MARINER'S   COMPASS. 

20.  This  apparatus  is  used  for  observing  and  measuring  the  declina- 
tion of  the  needle,  or,  conversely,  for  determining  the  north  and  south 
direction,  or  the  meridian  line,  when  the  magnetic  declination  is  known. 
It  consists  of  a  magnetic  needle  N  S  (see  Fig.  32)  delicately  suspended 
by  means  of  an  agate  or  steel  cap  O  resting  on  a  pivot.  £  F  Ls  a  grad- 
uated circle,  on  which  is  read  the  division  corresponding  to  the  position 
of  the  needle.  The  needle,  ^ith  its  graduated  circle,  is  placed  in  a  cir- 
cular box  covered  with  glass.  The  instrument  is  usually  fiiniishcd  with 
a  telescope  A  B,  turning  on  a  horizontal  axis  C  D,  which  carries  on  air 
letel  and  a  vertical  quadrant  A,  divided  to  measure  the  angles  described 
by  the  telescope.  The  box  is  capable  of  turning  round  on  a  vertical  axis, 
by  which  it  is  fixed  on  its  stand,  in  order  to  bring  the  telescope  in  the 
dBzection  of  the  meridian ;  then  the  angle  formed  by  the  direction  of  the 
tdeMope,  with  the  direction  of  the  needle,  gives  the  angle  of  declina- 
tion ;  or,  when  the  declination  is  known,  the  box  is  turned  until  the 
angle  made  by  the  axis  of  the  telescope  and  the  direction  of  the  needle 
are  equal  to  it ;  then  this  gives  the  position  of  the  meridian. 

The  marine  emnpata  differs  from  the  ordinary  compass  simply  in  hav- 
ing a  doable  sn^iension,  which  admits  of  its  maintaining  itself  in  a  hat" 
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■1  pOMtlon,  notwilhManding  tbe  ToUing  of  the  iMp.    Tig.  IS  n 
>  a  ficm  «(  thii  double  nupeniuiii:  whenC  it  tlH  igaW  «M 


/fV. 


cap  fixed  to  the  needle  N  S ;  D  another  o^^  trith  ■  pint  Sud  t*  IM 
ttpper  part,  on  which  cap  C  turn  i  A  th«  pivot  on  irUd  tha  ay  D 
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!!•  For  tbt  poipoas  ol 
MfBliito  to  ban  magBadc  naadlaa  on  vhish  tb*  eaitb  da*  Mt  mM^n 
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dizectisg  infliiaiee :  needles  of  this  sort  are  called  Aatatie  netdUa.  This 
object  is  readily  attained  by  fixing  two  equal  needles  to  a  common  point 
ci  toBgamosXf  with  their  contrary  poles  together.  By  this  means,  the 
one  needle  exactly  counteracts  the  directive  tendency  of  the  other,  so 
that  the  compound  or  astatic  needle  will  be  free  to  obey  the  M^ghtwt 
attractive  finrce,  without  being  influenced  by  the  magnetic  power  of  the 
earth. 

Fig.  33a  represents  a  simple  and  highly  sov  .  c 

▼ioeahle  astatic  needle ;  a  n  and  n  t  are  two  mag- 
netic needles,  of  the  same  size  and  magnetic  in- 
tensity, connected  at  theb:  centres  by  a  wire  ab; 
the  astatic  needle  thus  formed  is  suspended  by  a  ^ 
fine  thread  of  untwisted  silk  a  c  The  applica- 
tioa  of  this  astatic  needle  will  be  noticed  in 
oonnectioa  with  the  sulject  of  electro-dynamics. 


77ie  JhdtncUion  Campcus* 

Hus  apparatus  is  used  for  obsenring  and  measuring  the  dip  of  the 
needle  at  diffcfent  places  on  the  earth's  surftce,  or  at  different  periods  of 
time  at  any  place.    (See  Fig.  17,  p.  289.) 


AMPERE'S   THEORY   OF   MAGNETISM   AND   ELECTRa 

DYNA^nCS. 


22.  Ampere  considered  that  a  magnet  Ib  formed  by  a  magnetic  cur- 
rent, which  he  believed  to  be  the  same  as  an  electric  current,  circulating 
round  it  constantly  in  the  same  direction,  as 

shown  in  Fig.  34.    Supposing  the  magnet  to      /s^  /J^P^ 

have  its  north  and  south  direction,  then  the  cur-  ^^^^HMHHMnMPwT 
rent  enters  at  the  south  poles,  and  circulates  v^JlliBii^liiMr 
round  the  magnet  spirally,  (like  a  corkscrew,)  Fig.  34. 

akmg  its  length  from  south  to  north,  as  shown 

in  the  figure ;  that  is,  the  current  is  directed  from  east  to  west  in  the 
lower  face  of  the  magnet,  and  therefore  frt)m  west  to  east  in  its  upper 
fioe ;  or,  in  other  words,  the  current  is  ascending  in  the  face  situated  on 
the  west,  and  descending  in  the  face  on  the  east.  Steel  bars  become 
aagneta  when  this  regular  current  is. permanently  excited  in  them, 
▲mpeze  eftabliahed  this  theory  by  showing  that  a  helix  of  copper  wire^ 
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through  which  an  electric  current  is  tranflmitted,  pooeBMB  all  the  inp- 
crticB  of  a  magnetic  needle.  Aa  a  neoeMary  consequence  of  this  theory, 
it  follows  that  parallel  currents  moving  in  the  same  direction  mutually 
attract,  and  that  they  mutually  repel  when  they  are  moving  in  a  coa- 
trarr  direction.  Now,  wires  conducting  electrical  currents  have  really 
this  property.  This  explains  why  like  poles  repel  and  unlike  poles 
attract.  But  this  theory  will  be  more  fully  explained  in  «nmw^^»tWt 
with  the  subject  of  electio-dynimics. 


tOLTAiq  ELECTRICITY. 

I.  6AI.TANI8U,  or  Yoltaic  Electricity,  is  produced  b;  a 
cerUun  chemical  action  upon  two  different  metala  when  brought 
into  contact.  Galvtini,  of  Bologna,  observed  that  when  he 
touched  n  nerve  and  muscle  in  the  leg  of  a  dead  frog  with 
two  difierent  metals,  on  bringing 
these  metala  into  contact,  the 
leg  underwent  a  convulsive  mo> 
tion,  as  shown  in  Fig.  3a,  where 
Z  and  C  are  the  two  metals 
brought  into  contact  at  A,  the 
extremity  B  being  in  contact 
with  the  nerve,  and  D  with  the 
mnacle.  Galvani  considered  this 
effect  as  due  to  something  in  the 
animal  structure,  and  hence  he  called  it  a 
out  of  respect  to  the  discoverer,  the  na 
tricity  was  given  to  iL  But  Volta  soon  after  showed  that  the 
effect  was  entirel}''  due  to  the  production  of  electricity  by  the 
action  of  the  two  metats  upon  each  other,  and  that  the  nerves 
wnA  muscles  of  the  animal  merely  exhibited  the  free  elec- 
tricity in  the  same  way  as  any  other  delicate  electroscope 
might  do.  Thi3  leading  conception  conducted  him  to  a  series 
of  splendid  discoveries,  and  in  particular,  in  the  iirat  year  of 
the  present  century,  led  him  to  the  construction  of  the  votlaic 
pik,  which  stands  in  the  same  relation  to  voltaic  electricity 
that  the  common  electrical  machine  does  to  frictional  elec- 
tricity. 

VOLTAIC   FILE. 

3.   A  ntmifaer  of  circulai  plates  of  copper  and  zinc,  and  of  doth  or 
"  '       i  ananged  in  the  fbnn 
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nimal  eUclricily,  but, 
e  of  galvanic  eUe- 
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Tse  buc  ci  Uw  jile  k  ■  eoiiiia  diik,  upon  iflaA  » 
-.^JM  rr:  ui«  fbnn  «hat  in  called  a  pAir;)  ant 
-  I-  :4^  ^  tIschI.  ciiBaTing  >1wbji  that  the  ci 
;>^  w.r::i  ja::  ia  K^mnnd  bmi  tl>e 
r  Lk-u  ^  ca^  BKtOeoed  vith  a 
»:l-'^:=,  fpcc  ibe  Kctxid  pur  i* 
t  tsicuKBfd  circular 
IS  wbich  pnctded. 


Rf.  ». 


:r— T.  -Ji=E  -^  rc-l>  ■r:-JLl  il*J  i-iiMaily  be  rerntcd.  Tro 
i  jTtl^j  i.d  :;:  Ci'=T=;  ■■■T>~  i-JW.  »nd  the  tmlbct  liran  tha 
E.-..-  ;-i:/.  rf=£~-;  ;':^  il.-csi-ijT  of  tlh'-  nrpcttin  polo  to  Biy 
r  .7.-.-.  ^i.-.'i  -.l'.-  :l;-."r.;  £=;i  i*  recnind  to  «ct.  \Vheatbi 
.^  .1'  rSrsc  w-^jt  it;  \r:-^'z:  ■.■.■«-:i5.-t.  aa  clectiic  *puk  panM 
■-M.3L.  L-^c^^  ^-.s  t^c  i.<r^^:zL:^xUsi  ftxbe  two  diiftrcnt  kindi 
«.-»      '"~:«r.  Ti.i-  T-— »  i~  iill  <i-:  ia  tach  bud,  (the  num- 

-  •'<•,  wSi-s  ".i^  j^rtdtiCT  ff  t^-  two  wut*  are  connected 
1;^  ;li=s^s  .T  s>n  ^:re  a^xic;  half  an  inch  in  loigili,  tbt 

l-Ut    V  -^    TT,TVKj;=    :o   i#   WTtTT  cf 

:>*rwv  w.rw  r-vvsipdi^r  £ca  I?»erwo 
:iit  rtjt  i?t  i=;.3Kt«(<i  =4ai  <Kh  otlcr 
^?fv'.  ii«^T.  :^  -rxia  9  diKOmpoMd 

{>f  .wv^K"-  ^'^-^  liivntrti  aizai  she 
«\iv,'j  :Tvr;  :iic  ^ikhtl'  Tt:i',  a=d  the 
.  sv=:  •,^<  »-_T  ;:vvtictilr^  ircm  the 
>:.' :  ;^  tV'l'.isi.i.'s  ti  tbf  ^aii«  are 
m  tte  MHM  pMfwnwu  ilut  MnKi< 
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twa  idnmM  of  hydrogen,  u  ibown  in  Fig.  37.    In  thii  ezpoi- 

Ibe  nhmaged  parts  of  the  two  wires  tnntt  be  platiniim. 

IB  pbaiomena  are  merely  simple  exBtnpla  of  the  Tarioua  uid  im- 

:  dieca  produced  by  the  action  of  the  Toltuc  pis  or  battoy, 

«B  iliall  bracaftv  more  fully  connder. 

n  the  number  of  psin  in  tbe  pile  U  so  '  * 

Lat  ft*  heigbt  would  bo  inconTCnient 

^■Md  in  a  Eingle  column,  the  pUteS 

I  amu|ed  is  two  or  more  columm,  ni 

In  Kg.  38,  where  the  continuity  of  the 

"«'"'"'■*  by  the  ban  B  and  B'.  In 
■e,  tbe  negative  pole  of  the  inle  is  at 
1  tits  pontiTe  pole  at  P,  snd  the  cBect 
lAde  ii  the  mme  of  if  the  wcoDd  were 

Ofcr  the  Snt,  and  the  third  orcr  the 

a  proponed  a  aecond  arrangcmait  of  the 
battery,  called  the  Cmironne  de  Taatea. 
fonn  of  the  apparatui  ii  ref^esented  in  Fig,  38. 

9 ;   it  oonaiata  of  a  scries  of  cups  or 

,  containing  a  saline  or  acidulated  solution.    Each  pair  of  copper 
ic  plates  is  immeised  in  the  separate  cups ;  the  zinc  plate  in  one 


Fig.  33. 


ing  connected  by  a  wire  with  the  copper  plate  in 
id  to  on  1  the  wire  Q,  proceeding  &om  the  first  linc  plate,  ftcnut 
;aliTe  pole  of  tbe  battery,  and  the  wire  F,  [mceeding  from  tba 
ppa  iJate,  finma  tbe  pontive  pole  of  tbe  battery ;  the  same,  in 
of  bet,  as  in  the  ordinary  jnlejust  dcKribed. 
r  great  impiorements  have  been  made  in  the  construction  of  these 
m\  bnt  bdore  we  proceed  to  dceoibe  them,  we  shall  give  a  fcv 
c  expeTimalt^  calculated  to  eluddite  the  goiaal 


ilea  and  decta  of  voltaic  electricity. 
26* 
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TRELIMINART   VIEWS    AND    SniPLE    EXPEBUIEXTS    05  VOL- 
TAIC   ELECTRICITV. 

3.  Ezp.  1.  Place  a  piece  of  &hc?€t  zinc  under  tout  tongne ;  lay  a  hdf 
crown  upon  the  tongue ;  no  peculiar  sensation  is  felt  so  long  ai  the 
two  metals  do  not  touch  each  other  :  now  bring  the  edges  of  the  tiro 
metals  in  contact  with  each  other ;  a  disagreeable  taste,  something  lika 
copperas,  is  instantly  excited. 

Here  the  saliva  on  the  tongue  between  the  two  metals  is  the  exciting 
cau«e  of  the  development  of  the  electric  fluid ;  and  when  the  edges  of 
the  metals  are  brought  into  contact,  the  voltaic  circle  is  formed,  and  the 
peculiar  sensation  of  taste  is  the  ctTi-ct ;  but  when  the  voltaic  circle  it 
broken  thin  sensation  instantly  ceases.  Thp  peculiar  taste  of  pearter, 
when  drunk  out  of  a  pewter  pot,  is  al^o  due  to  the  same  cause. 

J^p,  2.  Instead  of  the  half  crown,  in  the  last  experiment,  use  a  piece 
of  charcoal  or  a  piece  of  cast  iron. 

Exp.  3.  The  first  experiment  gave  you  a  taste  of  voltaic  electricity ; 
now  the  follo^\'ing  experiment  will  give  you  a  siffht  of  it. 

Place  a  silver  !>poon  between  the  gums  and  one  check,  and  a  strip  of 
zinc,  in  a  >iniilar  jjosition,  on  the  otlicT  check  ;  complete  the  voltaic  cir- 
cuit by  bringius  the  extremities  of  the  metals  together  on  the  outside  of 
the  mouth  ;  a  slight  flasli  of  electric  light  "will  instantly  be  seen.  Repeat 
the  experiment :  the  fla«h  will  always  be  seen  at  the  instant  the  two 
mutiUs  arc  brought  into  contact ;  and  a  smaller  flash  will  be  seen  at  the 
instant  the  contact  Is  broken.  The  first  experiment  may  be  aUo  per- 
formed by  the  silver  tea  sjxwn  and  the  zijic  strip. 

Exp.  4.  Lay  a  five  shilling  piece  on  a  larger  plate  of  dnc ;  oa  the  coin 
place  a  live  leech  or  a  live  snuil ;  so  long  as  the  creature  does  not  come 
into  contact  with  the  zinc,  he  appears  i>erfectly  at  his  ca«c ;  but  the 
moment  he  moves  so  as  to  touch  the  zinc,  thereby  completing  the  con- 
nection between  the  t^*o  metals,  he  receives  a  shock  and  instantly 
recoiK 

F^p.  5.  Place  a  silver  spoon  S  in  a  glass  containing 
a  solution  of  sulphate  of  copper ;  into  the  same  glass 
insert  a  strip  of  zinc  Z.  No  change  takes  place  in 
cither  of  the  metals,  ho  long  as  they  arc  apart :  faring 
the  upper  ends  of  the  metals  in  contact  with  each  other ; 
the  silver  spoon  will  become  coated  with  copper,  which 
will  adhere  so  firmly  that  mere  friction  will  not  take 
it  off. 

4.  This  experiment  iuUy  illustrates  the  electrotype 
proeesim 

Exp.  6.  Place  a  slip  of  copper  C  (see  Fig.  41)  in  m  ^«b  caiAaSaAa% 


Fig.  40. 


Fig.  41. 


▼OLTUC  XLECTBlcnr. 


i  into  the  ttxat  g,\am  iiUEit  ■  itiip  of  tine  Z  j  to  long 
■  the  metal*  remain  apart,  no  chemical  action  cam  ha  •eeo,  and  no  «1m- 
bicitj  i*  deraloped ;  bting  the  upper  extnmi- 
tin  ^  of  the  mctali  into  contact ;  active  dccom-  ^^T^ 

podtkn  inunediatdy  begiiu ;  the  chlorine  com- 
boiM  iritli  the  BDc,  and  the  hydrogen,  ict  free, 
makea  iti  appearance  at  the  surface  of  the  cop- 
pa  in  the  form  at  roinnte  bubbles  — Toltue 
dactricity  i*  in  action.  Withdraw  the  ez- 
timitiea  of  the  metals  from  each  other ;  the 
ilntTkal  drcoit  i*  Inokea  —  electrical  action 
BO  longer  eiiita;  icMore  the  contact,  and  the 
il  Bctian  ia  again  renewed. 
Uaaigaganent  of  electricity  is  alwayn  in  ' 
■t  to  tliedieniiml  action ;  and  the  metal 
which  ia  moat  acted  upon  hy  the  fluid  gives 
off  iti  negatLTB  fluid  to  the  other  plate,  nnd  tbo 

consetjoenee  of  this  if,  that  the  current  proceeds  from  this  latter  plate  to 
Out  bnaa.  In  the  experiment  just  given,  the  nine  plate  is  acted  upon 
hf  the  Kid,  and  the  voltaic  current  proccedji  from  the  upper  cxtrenuty 
<f  the  eoppiT  plate  to  the  dnc  plate,  aa  shown  in  the  figure. 

T1>e  cheapest  add  for  generating  small  portions  of  voltnic  electricity 
with  one  and  copper  plates  is  sulphuric  acid,  diluted  with  about  twelve 
parts  of  water  to  one  of  the  strong  acid. 

Etp.  7.   Bend  the  zinc  Z  as  shown  in  Tig.  12 ;  place      ^^ 
a  hit  of  Uotting  paper,  moistened  with  iodide  of  potaB-    0/^^. 
■inn,  upon  the  line  at  A  \  faring  the  extnjmity  B  of  the 
strip  of  copper  C  ipt  platinum)  in  contact  with  the 
moistraicd  paps ;  the  current  of  tbe  electric  Quid  pi 
in  the  direction  of  the  arrow ;  the  iodide  of  pots-teium 
is  decomposed  hy  the  electric  cuircnC ;   the  iodine  is 
evolved  at  the  positive  pole,  and  the  alkali,  &ee  potassa,         r..      .., 
at  the  negatiTc  pole. 

The  expcrimoit  will  he  more  striking  if  a  drop  of  a  solution  of  starch 
b*  ibo  added  to  the  moistened  paper. 

£i^  8.  Ficfbrm  the  same  experiment  with  the  bibnlous  paper  nxnit' 
eMd  «itli  pmadate  of  potona,  slightly  acidulated  with  bydrochloric 
add. 

£91 9.  Twist  a  piece  of  copper  wire,  in  the  form  of  a  spiral  or  helix, 
rand  •  y"»n  ghna  tube ;  nmncct  the  extremities  of  the  wire  with  the 
siiw  and  eappa  plates  inunened  in  diluted  sulphuric  acid;  insert  a  steel 
needle  into  the  glass  tube  i  after  a  short  lime,  the  needle  will  be  finind 
to  be  powetftiUy  msgnMic. 
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Exp.  10.  B«id  k  piece  ct  Mft  iion  win  H  into  tlie  fbnn  of  ■  !■»■ 
■boe  nuKnet ;  twist  a  fittx  at  cc^P"  "i^  conrcd  witii  ulk  or  iota, 
nnmd  thU  wire,  u  shown  in  Fig.  43 ; 


Fij  43. 


Fij.  44. 


vrire  irith  the  Toltaic  plttea  Z  mi  C :  tha  honeshoe  wiic  H  inttnllT 
becomes  a  roafmFt.  If  you  have  no  conred  irire  at  bond,  wimp  ■  pM 
of  paper  round  the  boncsboe  wire  beibre  yon  twist  the  coppff  win 

Ezp.  II.  Place  the  copper  wire  C  Z,  connecting  the  Toltaic  p]aUi,i)i 
the  plane  of  the  magnetic  moidian;  bring  a  magnetic  ncfdle  exMtlj 
over  the  wire  C  Z ;  the  needle  wiU  be  deflected  irom  ita  north  and  mth 
direction  hj  the  action  of  the  wire  C  Z,  conducting  the  Toltaie  enmnt: 
now  bring  the  needle  exactly  below  the  wite  C  Z ;  tha  needle  will  ba 
dellectcd  to  the  aide  opposite  to  that  towaidi  which  it  waa  befac  dt* 


B.VTTERIES  ANI>  TOE  DIRECTION   OP  TDE  TOLTAIC  CURBEXT. 

5.  Fig.  43  rqiTcwnts  a  single  pair  of  one  and  copper  platea  actcA 
wpon  hy  a  diluted  acid  ;  the  connecting  wire  C  Z  Rhowa  the 

direction  of  the  electric  fluid ;  that  portion  of  the  cojipQ'  J^^* 

plate  which  u  inimctscd  in  the  acid  becomea  rhai^  with  b^  J* 

nt^aliTe  electricity,  and.  as  a  neccnary  rettilt  of  the  law  of  Br  - 

electrical  repubion,  the  pnsitiTc  fluid  ia  driven  off  from  tbo  )  B    I   t 

upper  extremity  ;  hmcc  the  direction  of  tbo  cnrrenl.    In  all  |X^   j 

batteric*,  the  current  will  alwaya  proceed  from  the  wire  at-  IM-S  I 

•  tochod  to  the  metal  least  acted  upon  by  the  dccompoung  KEm  | 

fluid. 

In  Tolta'i  battery,  npreMntcd  In  Tig.  39,  ot  wUch  bQ 


F^U. 
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bitteriM  may  be  regarded  as  mere  modifications,  the  wire  P  at- 
1D  the  last  copper  plate  will  be  a  positive  or  -f-  pole,  and  the  wire 
^  cttadied  to  the  first  zinc  plate  will  bo  a  negative  or  —  pole. 

Tig.  46  represents  a  voltaic  anangement  of  two  plates  Pt.,  Pt.,  of  the 
metal,  via.,  platinum,  ImmerBed  in  difierent  fiuids,  —  A  an  alkali, 
e  concentrated  nitric  add,  separated  by  a  porous  partition  a  6.  The 
ylfttiimm  immersed  in  the  alkali  becomes  positively  electrified,  and  that 
fe  the  acid  negatively  electrified,  and  the  cuxxent  fiows  as  shown  in  the 
■pro* 


f- 


r^  PSg>  47  shows  the  voltaic  action  which  takes  place  when  difierent 
axe  immersed  in  difierent  fiuids.  The  platinum  plate  Pt.  is  im- 
in  concentrated  nitric  add  M,  and  the  zinc  plate  Z  in  conccn- 
snlphuric  add  S,  the  two  acids  being  separated  from  each  other 
Ht^  ihB  porons  partition  ab.  In  this  case,  the  most  intense  electromotive 
itaMian  is  exdtcd,  the  one  metal  being  immersed  in  that  fiuid  which 
0mdtn  it  most  powerfully  negative,  and  the  other  metal  in  that  fiuid 
«4riiieh  renders  it  most  powerfully  positive.  This  is  the  prindple  upon 
irfaich  Groove's  battery  acts,  which  is  certainly  the  most  powerfU  that 
yet  been  constructed. 


i: 


DIFFERENT  FORMS   OF  THE  VOLTAIC   BATTERT. 


,  f -«^  Cndekthank'a  battery ^  represented  in  Fig.  48,  consists  of  an  oblong 
;%Rmg^  of  baked  wood,  divided  into 
fifiM,  to  be  filled  with  add,  by  a 
IMnnber  of  purs  of  rectangular  plates 
ff  fine  and  copper.  This  form  was 
.^decided  improvement  on  the  com- 
pile, bat  still  it  had  several  in* 

nvoiiences  in  practice. 

The   ammgement    represented  in 


F^.48. 


SIO 


NATURAL  AX|>  SSmOmTAI.  VHILO80PH 


fig.  49  mnored  uMDiy  of  theM  inoonTeuaiosi.  It  it  not 
inffliiti<*flt^<^  of  the  Couxonne  da  Tanet,  icpicBcntcd  in  Fi( 
trough  T,  with  its  ceUs,  ii  made  of  wedgewood  ware;  the  pi 
and  copper,  fonning  each  pair,  are  aoldoed  together  by  a 


.*-.r;''  n'  I 


Fig.  49. 

rod  at  the  top,  leaving  them  sufficiently  apart  at  the  bott 
the  partitions  of  the  trough.  The  plates,  thus  joined  in  p 
attached  to  a  wooden  bar  C  D,  by  which  they  may  be  readi 
into  the  trough,  when  they  are  required  to  be  in  action,  oi 
from  the  trough  when  the  action  is  to  be  suspended. 

The  greatest  advantage  attending  this  arrangement  is,  tha 
raising  the  plates,  the  fluid  may  remain  in  the  trough  whil 
of  the  battery  is  suspended. 


W6lbutam*M  hattsrp. 
the  fiir^guiug  bitlHjf 


Fig,  60. 

Wolla8ton«  baring  discorcred  that  t 
augmmtad  by  increasing  theautfii 
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(MT,  ha  mmiapeA  the  tine  pl&te  of  each  paii  with  the  eoppn  pLUm 
steading  ooe,  taking  eaie^  at  the  aame  time,  to  amid  all  "«*-"" 
;  betweoi  thau  two  plal«a.  B7  thii  MTangemeiLt,  the  copper 
aa  donhle  the  Borface  of  the  euic  plate- 

AL  FCfaeaenta  a  mcse  coaTement  farm  of  thii  battery,  where  the 
a  replaced  b;  a  lenea  of  glus  Jan.    The  add  can  be  man  canlj 


JT  dlachaiged  from  thae  Kpamte  cells  t^'"  from  the  cells  ii 
fa  of  the  preceding  form  of  the  apparatiu. 


-A. 


Fig.  83.  fiy.  S3. 

lUftMl  ia0«y.  —  In  this  batterr,  the  line  and  copps  are  innind 
■  tana  of  a  helix,  end  plunged  into  a  glass  vcesel  cantaining  the 
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diluted  acid ;  the  helix  of  the  xinc,  in  each  pair,  must  not  be  in  n 
contact  "^ith  that  of  the  copper ;  but  the  helix  of  zinc  in  one  yeK 
be  in  metallic  communication  yrith  the  helix  of  copper  of  the  ss 
ing  pair,  and  so  on,  as  in  Wollaston's  battery.  Fig.  52  showi  the 
ncr  of  forming  each  pair  of  helixes,  and  Fig.  63  the  trough  ada 
for  each  pair.  This  arrangement  presents  a  great  surface  of  m 
each  pair  to  the  action  of  the  acid,  without  the  neces&ity  of  hayii 
large  troughs.  The  acid  mixture  fisr  charging  this  battery  is, 
mixed  with  one  fortieth  in  volume  of  strong  sulphuric  acid  and  a 
ticth  of  nitric  odd. 

The  batteries  hitherto  described  all  have  one  decided  inconvc 
viz.,  that  after  a  short  time  they  lose  their  power,  which  occasiom 
to  act  with  a  variable  force  during  the  same  course  of  experiments 
zinc  plates  soon  become  covered  with  sulphate  of  zinc,  and  the 
plates  with  hydrogen  and  even  oxide  of  zinc ;  those  dexxvits  nc 
greatly  reduce  the  power  of  the  battery  when  in  use,  but  also 
the  plates  to  be  cleaned  before  being  put  into  action  again.  In  a 
avoid  these  inconveniences,  Baniell,  Grove,  and  Bunscn  invente 
constant  batteries. 

CONSTANT   BATTERIES. 

7.  These  batteries  are  constructed  on  the  principle  explained  i 
nection  with  Fig.  47,  j).  309  ;  where  the  porous  partition,  withoal 
rupting  the  conduction  of  the  voltaic  fluid,  prevents  the  accum 
of  depositions  upon  the  plates. 

DanieWs  coMtant  baiUry.  —  A  single  pair  of  this 
battery  is  represented  in  Fig.  54.  A  is  a  copper  ves- 
sel;  C  a  porous  cell,  into  which  is  inserted  a  cylinder 
of  amalgamated  zinc  B  ;  a  and  b  arc  binding  screv^-s 
for  connecting  the  respective  metals  with  othezs  in 
the  series,  or  for  attaching  conducting  wires  when  a 
single  pair  only  is  to  be  used.  The  cell  C  into  which 
the  zinc  dips  is  filled  with  diluted  sulphuric  acid, 
(one  of  strong  acid  to  about  twenty  of  water ;)  and 
the  copper  vessel  A  is  filled  with  a  saturated  solution 
of  sulphate  of  copper.  So  long  as  the  poles  a  and  b 
are  disconnected,  no  action  will  take  place ;  but  the 
momenf  the  circuit  is  completed  by  connecting  tho 
screws  a  and  b,  a  very  powerful  action  occurs;  the  Fia.l 

inner  surface  of  tho  copper  vessel  becomes  gradually 
oorered  with  a  layer  of  pure  copper,  and  the  porooi  cdl  C  b 
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pd  with  mlpbKte  of  line.  This  process  tends  to  deprive  the  Kln- 
of  mlpbate  of  MppCT  of  its  copper,  and  (o  neutnliie  the  mlphurie 
bj  the  digcdution  of  the  zinc ;  in  order,  thrrefixc^  to  roctain  tbt 
n  unimpaiicd,  tome  crystals  of  sulphate  of  copper  ate  placed  Tipcn 
ritrated  sbrlf  e,  in  contact  with  the  solution. 

ig.  fiS  ibovB  the  manns  in  which  a  seiie*  of  tlieae  celb  an  oat- 
ed  so  aa  to  fbrm  a  battery. 


Hj.  fiS. 

he  advantagM  of  this  botlcry  arc  as  follows  :  (1.)  The  aolution  of 
^c  is  kept  opart  from  the  copper  by  ttc  porous  cell.  (2.)  The  hy- 
[cn,  instead  of  cscoping,  ai  in  the  nrdinary  butteries,  combines  irith 
oxygen  of  the  oxide  of  copper,  nnii  preeipitolea  pure  copper  upon  tha 

of  the  coyipcr  tcbscI,  end  does  not  iii  tbo  slightest  degree  affect  tha 
m  of  the  taitciy.  (3,)  There  arc  no  noiious  fiiiiiM  arising  from  the 
m  of  the  battery.  (J.)  The  nmalgnmntion  of  the  idnc,  without  at 
tttectaig  the  productinn  of  clretiicily  by  ihc  battery,  [aCTents  tho  rino 
1  bdng  dissolved  by  iho  sulphuric  acid  when  tho  battery  is  nnt  in, 
—  that  is  to  say,  when  its  poles  are  not  united  by  a  conductor ;  but 
DMraent  this  union  takes  place,  tlic  zinc  is  attacked  by  the  acid  just 
'  the  mereurv  vrcre  not  there,  only  the  oxide  that  is  formed  docs  not 
Be  to  the  surface  of  the  nietol,  which  it  would  do  if  the  zinc  wrre 

amaJgamnted,  and  would  (hereby  tend  to  neofeen  the  action  of  the 
try.  FUtct  of  one  arc  very  easily  amalgamaud  by  poiuing  mei- 
27 
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CUT  upoa  tltc  zinc,  nnd  at  the  nana  time  nibtimg  it  oq  tlit  mbEi 
with  a  iBWC  of  chunipis  lo.-lhcr  ilippeil  in  diluted  sulphuric  »di3,  Tbd 
cltani  tlic  iurfji-c  of  tlu;  iCiii:,  aad  thereby  bringa  the  mercuij  aoi  me 

(ir,)7."»  i,i *.'.■.-.(,  — Tlii*  kittorj-  is  con- 
rtiiictci]  Ml  the  tame  priocitilc  u  Him- 
i,.!!"*:  th«  is  t^  *3T,  the  iJntu  iot  acted 
u]'ti:i  liy  Xvtt  lUiuid-:  Miianilid  fhiia  each 
rthiT  1  y  a  piimu"  e.-irth('n  ware  partition. 
'ITic  JKUK  <'!"  i>i"t»  aie  lumpped  of  omal- 
);.un.i:v.l  xl:-.o  Z  s-nd  iiImUhuid  fbU  IV, 
j-luas^d  !:>;■>  a  till  A  B  C  11  composed  of 
Fla.-i-.l  i>"r^iLiiix  ft  ?laf.  ThcccU  AB  CI) 
is  £;ii.-J  «iih  diiuU-J  pulphuriv  aciJ,  Hhiih 
«L't»  din.'i't'y  vp^n  tlic  /ir.e :  aud  the  poioua 
rvU  n  into  « hii,'h  thi'  jJ^timiiit  ii  plunged 
i>  fiIU\l  iriih  nin-ic  at-id.  Tbo  [JBtinum 
l^ali!  IV  li  111  metallic  viiiitaet  with  the  xinc 
uf  ihonu'ivclinjcill.  n^  ^howni  otn:  and 

M   mi  to  tho   «lu.li'  ^^^i^-    i.f    cell*    ill   tinj 

I  sttiTY.  Ai  the  piiwir  <■(  iln^3  ba«iJ-iH-  is  much  increu.^  by  pritip  tB 
thi>  ziiie  iilati'^  a  vcn'  l.:r^.'  Furf.icc  a-i  i.t]nii)ar(il  vitli  the  turfice  of  tlu 
liLitinum  plates  the  zinc  t-lnl>4  arc  bout  muud  the  porous  ['ell  a.  m  tbit 
vertical  tuiiUcca  united  by  a  hiiriaontal  mr- 


they  f..nn  in  ca.h  ail  l^ 
faivat  thi.'1ii>tl>>in. 

■\Vhfn  th.J  poUv  of  (hi*  battery  are  unitcil,  m  as  to  bring  it  into  ac- 
tion, Ihi'  hj-ilnii,-cn  arMnii  from  the  denmiiM.ition  of  diliitnl  «eid  dms 
not  attaeb  i:>r>l(  in  lhi>  p!j;inuu),  but  gfin  to  chau^  the  nitric  acid 
into  nitnni-i  ai4d :  the  o\idi-  of  ziuc  rcmnin*,  im  in  DaiiielVf  hatteiy,  in 
the  eeU  nf  the  diluted  aeid,  niihoui  pciictiaiin^  through  the  poroiu  edi 
lo  the  iJatiniim,  which  roiue<iuenlly  rrmain.1  perfectly  clean;  this  A- 
cum^tuiicc  essentially  eontribulcs  to  keep  up  the  power  imd  contlancy  of 
the  listtLTy,  wMch  render  it  so  valuable  as  a  i-oltaic  cumluiiBlion.  Allft 
a  time,  hoHciiT,  the  iiitmus  ncid,  whieh  is  conatantlr  fumicd.  acquiRi  ■ 
high  lumiieraturc,  aiid  pvc  off  deleterious  fumes ;  when  thin  taker  place, 
the  action  of  the  h!iitcr%'  should  be  arrected.  Thia  battery,  for  almoM 
enry  puipoM,  is  the  moM  powerful  that  has  yet  been  constructed.  About 
half  a  dozen  cells,  with  a  pLitinum  surface  in  each  of  ten  aquarc  incho, 
Will  be  found  sufficiently  powerful  for  performing  all  the  moM  intoen- 
uiR  experiments  connec'tcd  with  Tohmc  cluctricity. 

Banifn'i  battery  dilTcrs  from  Grove's  only  in  charcoal  bring  mbatitated 
Ibr  the  platinum.    The  cells  of  this  battery  hare  the  cylindrical  form. 


VOLUH]  sLKCtncnr.  VU 


•ia  fai  tlw  Jkbi  at  tioUoir  cyHiidfln.    Tbti  Mrip  «<  «i|ps:  A  B 


Fig.  67. 


hawOMBOeol  en*  call  it  aaiUd  with  tb*  cutnn  cjUndv  of  Ac 
tag  cdl  i  and  n  «n.  Tbe  Bgnre  «1k>  ibow*  how  Ilia  rtii{a  of 
CandD  fcnningtbepdwof  tbabattc^aie  ocauiactad  with  llw 
wedbof  thebotttty. 

)l  ubuLuul  c^inkr  nsiudly  cartirt  a  collar  of  coppa  at  ill  aiper 
(  Aa  putpoaa  ef  tt»ioB  tha  connecting  ttiip  of  coppv  to  it ;  tliii 
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ri]!]'!^  !-t!iTii1'  iilmvr  Dip  ••laii  rcfH'I  tn  as  not  to  comp  in  contact  iridi  iLc 
iiitii^-  ill  til :  liiiwi'viT,  it  L-t  fiiuiid  that,  owing  to  the  poniiu  nature  r4  tbt 
I'i.iiri "ill,  llii'  mill,  tci  11  icitoiii  cxtciit,  lisc*  to  the  co{qicT  cnllu.  and  in 
tiiii'-  <l'>:r<<i-i  il-  i-ilii'iciiry.  llic  following  contrivance  (fct  Fig.  i>t 
I'MiiijiK'ti'Iy  ri'iimtiis  tlii>  uimuTcnicnt'c :  the  charcoal  cylinder  C  is  lolid; 
uii'l  into  its  111]!  is  tliriLst  n  Mout  coppra  rod  N  SI,  which  i*  btnt  w  m  tg 
U' lir<m:;lit  iiiin  cnntoi-t  with  the  succeeding  tine  cell.  To  pR-mt  At 
aiM  HMiiidiiii;  t.)  tliii  iii)piT  rod,  the  top  of  the  charcoal  cyliada  wr- 
miuniin;:  tin-  «iri-  i-  iiniTi'd  with  n  ctnicnt  of  -wai, 

ll  i-i  alnii>-l  uii)i<vcv<ary  to  ray  that  the  charcoEil  cylindci  in  this  bu- 
Iiry  i'  ]>hi]i!i<i1  iiit')  (lie  nitric  ncid,  filling  the  poroui  tube  or  ctll,  Kii 
tliHi  ih:>  I'luius  It'll  U  iiliiL'ttl  within  the  Cylinder  of  amaJgamittd  in; 
wiiiihi:-  --iiniiiiiidiJ  by  llw  diluted  Eulphunc  acid  filling  the  fit^ja 

Siiiif't  ftn/'>ru.  —  In  this  hnttnr,  the  plnlct  arc  acted  upon  b^ctlr 
iHii-  li>iuic1,  \w..,  diluliil  fulphuiic  acid,  (one  part  of  acid  to  about  mik 
jiatt-  iif  wall  r.  t'li;.  ;'iU  represents  one  of  the  ccUs  of 
this  boiicfy.  A  the  cirtheii  ware  ecll  filled  ■with  the 
diluted  Biail  1  Z  Z  two  vertical  pklea  of  amalga 
niated  zinc,  one  on  cai^b  side  of  the  platiniKcd  plate  of 
bUvct  S  :  ir  a  bar  of  -H'ood.  to  which  these  plates  are 
tixcd  ;  b  o  liiniliiif;  screw,  which  K 


TOLTAIO   ELIOniOITT. 


TOLTAUETEItS. 

8.  These  instraments  are  used  for  measuring  the  power 
of  a  battery.  There  «re  three  kinds  of  Toltamelers  at  pre«- 
mt  in  use ;  me  of  them  depends  upon  the  decomposing  power 
of  the  batterer,  another  upon  its  beadng  power,  and  the  third 
apon  its  magnetizing  power. 

It  htm  nlradj  beoi  diown  how  the  palei  of  a  battery  tCMlre  wata 
into  it*  aoDMitiient  gasei  —  hTdrogen  ■nd  oxygen.  Now,  it  ii  pRmmed 
ttat  thi«  decomponiig  pows  of  a  battoy  ia  in  pniportioa  to  ita  genenl 
powB',  or  rather  in  proportiiBi  to  the  quantity  of  electiic  fluid  derdoped 
by  the  tettery.  Now,  in  the  gas  Toltametoi  repreamted  in  Figa.  SO,  fli, 
-and  62,  tlM  quantity  of  gas  libemted  by  the  poles  of  the  battery  in  a 
I^TOn  time  is  taken  ai  themeamteof  thepowcrof  thebottoy;  or,  what 
■moiints  to  the  same  thing,  the  power  may  be  meaauied  acc<sding  to 
Ihe  imetae  ratio  of  the  time  lequiaite  fbi  liberating  a  given  volume  of 

In  ]^g.  60,  the  platinum  polea  of  the  battery  ate  placed  vecticaUy  in 
a  iraduatsd  glaia  tube  D,  Toy  near  to  each  other ;  the  lower  eztranitim 


A,  and  B  come  out  at  the  bottom  vcfsel  V  containing  the  water,  ao  that 
a  nffiTift"!  may  be  readily  made  betweoi  than  and  the  wins  leading 


828 


MATUBIX   AXD 


HIILOSOFHT. 


from  the  extreme  plates  of  the  batterj.  The 
two  gmaes  in  this  instrument  are  reoeiTcd  m  the 
same  tube;  they  may,  bowerer,  be  recdred  in 
Mpsrate  tabea»  as  in  the  instniment  repranntied 
in  Fig.  37  ;  but  in  this  case,  the  jdatinimi  pQki> 
being  at  a  greater  distance  from  each  othoi^ 
catuse  the  decomposition  to  go  on  more  slowly. 
>Vhen  the  battery  has  very  great  power,  the 
gases  are  usually  collectc?d  in  a  graduated  re- 
eeiTcr  D  (Fig.  61)  placed  upon  the  pnnimatie 
trough  X  ;  the  decomposition  of  the  water  takes 
place  in  a  bottle  M  fitted  up  with  a  ccrk  and 
bent  tube  A  for  conveying  the  gases  to  the  re- 
ceiTer  D ;  the  platinum  poles  or  electrodes  P» 
hanging  near  together  within  the  bottle,  are  con- 
nected with  the  wires  B  and  C  leading  to  tha 
extreme  plates  of  the  battery. 

Fig.  62  represents  an  eligible  form  of  this  ap- 
paratus, when  the  liberation  of  gas  is  very  fee- 
ble. The  quantity  oi  gas  is  measured  by  the 
amount  of  di^klaccmcnt  of  the  liquid.  A  grad* 
uated  tube  A  proceeds  laterally  from  the  lower 
part  of  the  vessel  V  wherein  the  decomposition 
of  the  water  is  carried  on  ;  so  that,  as  the  gases 
rise  to  the  top  of  the  closed  vessel  V,  an  equal 
volume  of  water  is  thrown  up  the  tube  A. 

The  three  fbUowing  voltameters  depend  upon  the  calorific 
battery. 


Fip.  62. 


j^.ei. 


Vi9.^, 
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Kg.  63  represents  a  voltameter,  wliich  is  merely  a  slight  modification 
of  the  common  pyrometer.  The  platinum  ynre  a  b  forming  a  portion 
of  the  voltaic  circuit  becomes  powerfully  heated,  and  expands,*  and 
allows  the  pointer  ad  to  fall ;  the  graduation  on  the  quadrant  indicates 
the  amount  of  expanaon,  and  consequently  the  relative  power  of  thA 
battery. 

Fig.  64  represents  a  still  more  sensible  voltameter,  in  which  the  plati- 
num wire  forming  a  portion  of  the  voltaic  circuit  passes  through  the  ball 
of  an  air  thermometer ;  the  expansion  of  the  air  by  the  heat  of  the  wire 
causes  the  liquid  to  rise  in  the  vertical  graduated  tube ;  and  so  on. 

The  magnetic  voltameter  will  be  hereafter  fully  described. 


EFFECTS  OF  VOLTAIC  ELECTRICITY. 

CHEMICAL   EFFECT3. 

9.  The  chemical  action  of  voltaic  electricity  upon  different 
substances  placed  in  the  circuit  forms  one  of^its  most  impor- 
tant and  remarkable  features.  It  has  been  shown  that  frictional 
electricity  exerts  a  chemical  action ;  but  it  is  very  feeble  as 
compared  with  that  which  even  small  voltaic  batteries  exert. 

One  of  the  most  remarkable  facts  connected  with  these 
decompositions  is,  that  certain  elements,  into  which  the  sub- 
stances are  resolved,  always  arrange  themselves  on  the  pos- 
itive pole  or  electrode,  and  certain  other  elements  always 
arrange  themselves  on  the  negative  pole  or  electrode.  Thus 
oxygen,  chlorine,  iodine,  and  the  acids  always  fly  to  tlie  pos- 
itive pole  of  the  battery ;  and  hydrogen,  alkalies,  oxides,  &;c., 
always  fly  to  the  negative  pole.  For  example,  in  the  decom- 
position of  water,  (see  page  304,)  the  oxygen  is  accumulated 
in  the  tube  placed  over  the  positive  pole,  while  the  hydrogen 
is  accumulated  in  that  placed  over  the  negative  pole.  This 
fact  has  led  to  the  formation  of  a  system  of  eUctro-chemistry, 
The  respective  poles.are  supposed  to  be  in  a  contrary  electri- 
cal state  to  the  elements  which  they  attract ;  hence  oxygen, 
chl&rine,  acids,  &c.,  tfre  negative  elements,  and  alkalies,  ox- 
idesi  &c^  are  positive.    Every  chemical  compound,  therefore, 


I'LV,  :i:  d  th?  cixyLir:!  :it  l 
J\  ').  '2.    JJk  c  .,irh)S  . .'  / 
ayparat'i<i  rcp-j-cnt-^d  in 
of  socln,  or  anv  othL-r  wqw 
then,  when  the  lattery  n 
itivc  eh'etn-.de.  and  \\\\\  r 
^vill  I  (  attrailed  to  tln'  ii 
the  tube  i^recn;  trans|x»<L' 
Lxp.  3.    To  pr^cipi'uL-  < 
Fig.  Go  represents  a  ^inij). 
this  dcconijx)^ition.     a  is  ; 
cter,  having  a  pieee  of  hhid 
and  suspended  in  a  Inrje 
acetate  of  lead  (^ulpliate  of 
an'iwcr  the  purpose)  iiito  \.\\\ 
■with  dilute<l  sulphuric  ac-ii 
mei-sc  a  phitinum  wire  p,  a: 
phmge  a  strip  of  amalgam 
with  the  i)latinnm  ;  llien  a  ^ 
sistiniT  of  two  metals  and  t 
he  dejom posed,  tlic  metallic 
the  a^'id  to  tlie  zine. 

The  metrdlic  vegetations 
voltaic  action. 
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idi  It ;  more  the  wire  from  end  to  end ;  then  the  electni  dicuit 
omplete  wfaenera  the  wire  connects  the  metAllic  IbQ  md  the 
per,  md  the  ciicuit  trill  be  broken  at  those  parts  where  the  wire 
fs  the  varnish ;  the  solutian  on  the  paper  will  be  decompoMd  it 
a  peiti,  but  will  remain  unchanged  at  the  letter  perti,  es  will 
[k  by  the  deep-blue  marks  formed  upon  the  peper  by  the  dccom- 

ixperiment  illustntci  the  principle  m  which  the  e^yinff  ttt' 


EUctroiyping.  • 

The  decompositioo  and  reduction  of  metAla,  in  a  stale 
lion,  hj  the  voltaic  battery,  has  led  to  some  important 
lies  in  the  arts — such  aa  eleclrotypuig,  electroplat- 


zpoiment  given  in  connection  with  Kg.  ^9,  page  310,  it  a 
example  of  electroplating ;   electrotjpiiig  depends  upon  the 


7  represents  a  very  simple  contrivance  for  ob- 


Uclcci 


le  mould  from  which  the  cast  ia  to  be  obtained 
,  B  is  H  gloiB  tube  euapendcd  within  the  *es- 
meana  of  a  metallic  ring  d  (,  to  which  are 
xe  strips  of  metals.  The  lower  end  of  this 
I  is  closed  by  tying  a  piece  of  bladder  orer  it. 
>  of  brass  b  c  has  tviM  binding  screws  b  and  a, 
.  the  wires  a  Z  and  b  k  arc  seemed ;  the  low- 
nitiGS  of  these  wires  carry  the  eubstanees  Z 
hich  act  as  the  electromotors  or  voltaic  plates 
ing  the  ^mplc  battd^.  Z  is  on  amalgamated  t 
irithin  the  tube;  k  is  the  body  from  which  the  cast  is  to  be 
id  on  the  spiral-shaped  extremity  of  the  wire  b  k ;  the  model 
{Stive  electromotor,  anil  Z  the  positive  electromotor.  The  lai^e 
ontains  a  concentrated  solution  of  sulphate  of  coppa;  this  is 
ppt  in  a  laturnted  state  by  having  cryBtala  of  sulphate  of  eop- 
nded  in  it ;  the  tube  B  is  filled  vrith  diluted  sulphuric  acid ;  the 
lould  stand  at  the  same  level  in  both  vessels.  According  to  this 
lent.  the  electric  current  paaees  from  the  line  Z  to  the  monhl 
^Fure  metallic  oopper  is  depomted  upon  the  sur&ce  of  the  mould, 
me  fonns  a  complete  cast  of  the  surface. 
Hawing  particulars  U^nild  be  attended  to  in  making  electrotype 
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GHti:  The  lurfheaof  Iht  otigimh  riwald  t»  good  wtiilBrtM^  ^d 
ihould  not  conUin  any  nibiUiuxt  whick  would  ha  acUd  i)|Mi  h; 
■ulphnte  uf  coppv.  The  model  mmf  be  of  BTPMn.  wax,  or  any  di 
non-conducting  lubstmoe,  prorided  the  Mitfk*  of  tfaa  niodd  be  ox 
with  ■  metallic  nmtutg  ;  plumbago  duit  or  bnmn  powda,  laid  OD 
a  CBmd'i  tuir  brtnh,  famu  a  Toy  good  coatiiig.  A  w>x  imin 
should  be  £nt  slightly  moistened  with  alcohol,  and  then  fix  blai^ 
thotUdbc  rabbedoTB  it  withaitifriRiuh;  the  oc^pct  wireabould 
be  wanned  and  preiscd  into  the  mai^io  of  the  wax ;  the  counectMC 
twecn  the  w[Lx  and  wiic  should  then  be  made  with  the  black  lead. 
coating  rf  wnx  dissolved  in  turpentine  will  protect  any  part  of  « 
fitm  any  metallic  deposit.  In  every  electrotype  cast,  the  derated 
tions  of  the  original  will  be  depressed,  and  tint  vtr*» ,-  in  order,  then 
to  olXain  exact  fac-unuks  of  the  original,  the  &nt  cast  must  be  nse 
a  matrix,  on  wliich  the  coating  of  coppa  must  be  tbnrwn  fay  tlie  ' 
trotypc  ptoces. 

Fig.  68  ifprcscnts  a  more  convenient  UTBngcment. 
■  i*  the  amalgamatDd  zinc  rod.  suspended  in  the  pi- 
lous cell  p,  which  contains  the  diluted  sulphuric  w^l 
c  the  gloss  or  oarthcn  wore  vessel  containing  the  solu- 
tion of  lulptintc  of  copper ;  ic  the  copper  wire  con- 
nected with  the  zinc  by  a  binding  screw,  and  carrying 
at  its  lower  extremity  the  seal  or  mould  m. 

Fig.  69  represents  another  arrangement,  where  the 
current  is  gcncrstcd  in  a  distinct  battoy  A  i  B  is  a 
distinct  vessel  for  conducting  the  electrotype  process, 
m  is  a  metal  rod  for  supportLng  the  moulds,  and  c 
another  rod  supporting  eoppa  plates,  which  form  the 
oulds  with  the 


Ftt.U 


1  the  battery,  and  s  c 


I  the  copper  pUtee  witb  the  co 
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plitei  of  ihf  bttteiy.  The  yeasel  B  contains  two  parts  of  saturated 
iolatian  of  sulphate  of  copper  and  one  part  of  sulphuric  acid  diluted 
with  aboat  seven  parts  of  wateiv  The  action  which  takes  place  is  sim- 
ply u  follows :  the  copper  is  consumed  from  the  plates  e,  and  deposited 
QD  the  moulds  m;  wo  that  the  copper  solution  in  the  vcsBel  B  remains 
nnfhsnged  m  its  strength  from  the  commencement  to  the  close  of  the 


ELECTBOPLATING   EXPERIMENTS. 

11.  Exp.  1.  Place  a  small  plate  of  clean  platinum  fbil  in  a  saucer,  and 
pour  over  it  a  solution  of  sulphate  of  copper,  covering  it  to  the  depth 
of  about  a  sixteenth  of  an  inch ;  touch  the  platinum  plate  with  a  pcnnt- 
ed  strip  of  bent  zmc,  the  other  end  of  which  is  kept  in  the  liquid ;  dif- 
ftrent  ookved  rings  of  metal  will  be  formed  upon  the  platinum  plate. 

Exp.  2.  .The  brilliancy  of  the  depositions  Tiill  be  much  increased  bj 
usiog  a  constant  battery  of  three  or  four  pairs  of  cells. 


PROTECTION   OF   3IETAL   PLATES   BY  VOLTAIC    CURRENTS. 

12.  Voltaic  currents  not  only  affect  combinations  and  de- 
compositions, but  they  may  also  be  employed  for  impeding  or 
arresting  certain  decompositions  which  would  otherwise  take 
place  by  the  ordinary  laws  of  chemical  affinities.  Thus,  for 
example,  Davy  protected  the  copper  bottoms  of  ships  from 
the  corrosion  of  the  salt  water  by  connecting  plates  of  zinc 
with  the  copper  sheathing.  In  order  to  protect  a  metal  from 
the  chemical  action  of  an  acid  or  a  saline  solution,  it  is  only 
necessary  to  combine  the  metal  with  some  other  metal  in  the 
fluid,  which  shall  act  as  the  positive  electromotor. 

Exp.  1.  Place  a  copper  plate  in  a  saucer ;  pour  some  diluted  sulphuric 
acid  upon  it :  then  the  metal  will  be  violently  acted  upon  by  the  acid ; 
now  touch  the  copixir  with  a  strip  of  zinc,  and  the  action  on  the  copper 
will  be  instantly  arrested ;  the  action  will  now  be  transferred  to  the  rinc, 
and  the  copper  will  remain  unaffected  by  the  acid,  imtil  the  whole  of  the 
line  be  dissolved. 
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LC1IIX0C3   AXD  IIEATIXO  EFFECTS   OP  TOLTilC 
LLECTKICITr. 

13.    TliC  mmt  brilliant  of  nil  tlic  dTtct*  of  voltaic  electricity  U  111 
nrch  of  tlculrLeal  light  ciolv^  iiclivcm  two  clmrcool  imiiits.    Tlii»  fit- 
ucnon  may  lie  cxliibitifl  wilh  about  a  domn  paita  t.f  Orovc'i  or  Jlun. 
's  bUtciy.    This  czpcriiucut  may  be  most  convenicutlj'  pcrKumcd  by 


Fii;.  70. 

fixing  charcckl  points  (piecM  ot  gTaphitc  answer  best)  to  the  lodi  of  ■ 
uniTtTsal  discharger,  llie  polca  ot  the  battciy  arc  TCfpcctivcl  j  ronnccteil 
with  the  cxtmnitim  nf  the  rodi,  nn  flion-n  in  Fig.  70,  whcic  tbc  aich 
X  II  Tpprc^cnts  the  furm  of  lbt>  voll.iic  light.  Tlic  points  inu»t  be  llt<t 
Inniiijht  into  roiitact  with  cucli  olhcr,  and  then  ^adiially  wiihiirann 
until  the  aich  nltains  its  miKt  brilliant  appcaranci,';  tbc  Icnglli  of  the 
arch  of  tour**  vorits  with  tlie  iKiwcroftbc  lottery;  tliat  is,  with  tnt- 
V.t'x*  of  r.Terniie  ihiu-ct,  froin  tlirvc  quurccn  of  an  incli  to  about  an  inch 
onil  a  linlf.  '11ii>  drill  of  llamc  is  not  {inxluccd  ^y  combustion,  foe  it 
miy  be  csliibitcd  witli  c.^ual  brilliancy  in  a  Tacuum,  and  croi  taka 
place  under  wotpr. 

Tliu  intense  heat  of  this  cleclrie  anh  ivill  i^itc  the  nvxl  refractory 
sul^tancw. 

T.rp.  1.  Amalgomnfe  the  ends  of  the  poJar  irires;  brine  ''i'*>  ""^ 
togellier,  while  the  battery  is  in  action ;  a  irhite  storlike  rpark  irill  te 
(oen,  accompanied  with  a  crnekling  nois:  Eimilar  to  the  cmissioa  of  ■ 
feeble  spark  of  frictiimal  elt^ricity. 

£>ji.  S.  The  spark  obtained  from  these  amalgnmated  points  maybt 
seen  under  water,  or  in  the  fl.inie  nf  a  enndl;. 

Exp.  S.  Immerse  one  of  the  wiros  into  mercurr.  and  bring  the  end 
of  the  other  wire  near  the  stirfaco  of  the  IluiJ ;  a  spark  is  emitted  juit 
before  the  wire  touches  the  mcr^ut}',  leaving  a  email  black  rpeti  upm 
its  surface. 

Ej!/i.  4.  Coat  the  ends  of  the  polar  wirci  wiih  toot,  by  holding  llicm 
fiir  n  nhort  time  in  the  llanic  of  an  oil  lamp ;  (be  spaihs  obtained  fitin 
these  coated  wires  will  be  much  stronger  and  brighter. 

The  poner  of  n  vollnic  ballei y,  .-i?  ive  liavc  alrcfldj-  shoirn, 
is  TOughly  cstimafbd  hy  the  hent  wliich  it  produces  in  ii  ^ren 
condncting  wire.    The  temperature  to  vrliich  a  condading 
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wire  will  be  raised  bj  a  battery,  depends  upon  the  length  and 
thickness  of  the  wire,  as  well  as  upon  the  nature  of  the  metal, 
whether  or  not  it  is  a  good  or  a  bad  conductor  of  electricity. 
Short  fine  wires  become  most  heated,  and  of  all  metallic  wires, 
platinum,  being  the  worst  conductor  of  electricity,  becomes 
most  powerfully  heated  by  conducting  the  electric  fluid. 

The  calorific  effect  appears  to  depend  more  upon  the  size 
of  the  plates  than  upon  the  number  of  pairs  ;  that  is  to  say, 
it  depends  upon  the  quantity  of  the  electric  fluid  evolved, 
rather  than  upon  its  intensity  or  tension. 

The  calorific  efiects  of  the  voltaic  battery  may  be  most 
conveniently  shown,  by  stretching  the  wires  to  be  heated  be- 
tween the  extremities  of  the  rod*  of  the  universal  discharger. 
(See  Fig.  70.) 

Exp.  1.  Xp  show  the  heating  power  of  a  battery.  Stretch  a  piece  of 
fine  steel  wire  between  the  poles  of  the  battery ;  the  wire,  if  it  is  not  too 
long,  will  instantly  become  powerfully  incandescent.  If,  on  the  first 
trial,  the  wire  only  presents  a  dull  heat,  gradually  reduce  the  length  of 
the  wire,  until  it  glows  with  a  white  heat ;  reduce  the  length  of  the 
wire  a  little  more ;  then  it  xs-iH  be  first  fused,  and  then  ignite<l. 

The  same  experiment  may  be  performed  with  platinum  or  silver  wire. 

Exp.  2.  Ether,  alcohol,  phosphorus,  gunpowder,  &c.,  may  be  readily 
ignited  by  making  the  hot  platinum  connecting  wire  to  pass  through 
them,  or  to  touch  some  portion  of  them. 

Exp.  3.  If  the  platintim  wire  be  conducted  through  a  small  portion 
of  water,  it  will  speedily  boil. 

PHTSIOLOGICAL   EFFECTS    OP  VOLTAIC    ELECTRICITY. 

14.  The  relation  between  voltaic  action  and  the  nervous 
system  of  anin?als  was  very  carefully  investigated  at  a  very 
early  stage  of  the  history  of  voltaic  electricity. 

The  peculiar  nature  of  this  relation  is  explained  at  page 
803,  when  a  small  battery  is  employed.  But  with  large  bat- 
teries the  effects  arc  truly  surpwsing.  Dr.  Ure  thus  de- 
,  scribes  his  experiments  upon  the  body  of  a  full-grown  man, 
fifteen  minutes  after  death.  Upon  applying  one  of  the  polar 
wires  to^e  forehead,  and  the  other  to  the  heel,  every  muscle 
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in  hiB  ooantenance  was  simultaneoaely  thrown  into  ktttA 
actian ;  rage,  horror,  despnir,  anguish,  and  ghastly  amilei 
united  tht^ir  liideoua  e]C|irewion  in  the  marderer's  face.  At 
this  period,  Eeferal  of  the  apectaton  vera  forced  to  leave  the 
Kptirtment  from  terror  and  nckness,  and  one  gentlemin 
fainted. 

The  phjBiological  effects  of  roltaie  electrici^  appear  to 
depend  upon  iotenaily ,  rather  than  upon  quantity  j  ttiat  is  to 
say,  upon  the  number  of  pain  in  the  battery,  rather  than 
upon  their  extent  of  surface. 

Tlie  effect  of  the  voltaic  ahocic  is  much  iocrcMed  by  at- 
taching copper  cylinders  to  the  extremities  of  the  condoctmg 
wires,  and  also  by  dipping  the  hands,  by  which  the  abode  is 
received,  in  vralar  sliglitly  acidulated. 

The  magnetic  effects  of  voltaic  electricity  are  co  Tarioua 
and  interesting,  that  they  have  been  treated  as  a  distinct 
branch  of  electrical  science,  called  Mectn-Dgnmma. 


ELECTRO-DYNAMICS. 


ELECrRO-MAGNETIS\L 

1.  It  has  already  been  shown  (Exp.  9,  p.  307)  how  a  steel 
aeedla  naj  be  magnetised  by  passing  a  voltaic  current 
through  a  wire  helix.  When  a  helix  is  wound  to  the  right,  or 
in  the  direotioQ  of  a  corkscrew,  it  is  called  a  right-handed 
hdiz,  as  ahewn  in  Fig*  71,  and  when  the  helix  is  wound  in 
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Fig.  71.  Fig,  72. 

the  contrary  direction,  that  is,  to  the  left,  it  is  called  a  left'- 
handed  helix,  as  shown  in  Fig.  72.  Helix  wires  should  be 
formed  of  copper  wire,  covered  with  silk,  for  the  purpose  of 
insulating  them. 

When  a  needle  is  magnetized  hy  a  current  passing-  through 
a  ^right-handed  helix,  or  a  corkscrew  helix,  the  south  pole  of 
the  needle  is  always  at  the  extremity  through  which  the  cur" 
rents  enter  ;  that  is  to  say,  at  the  extremity  that  is  in  connec- 
tion with  the  positive  electricity.  On  the  contrary,  when  a 
needle  is  magnetized  by  a  left-handed  helix,  the  north  pole  is 
at  the  extremity  which  is  in  connection  with  the  positive 
electricity. 

These  facts  arc  in  exact  accotdance  with  Ampere's  theory  of  magnet- 
itm,  (see  p.  301 ;)  fbr  the  electric  current  moves  round  the  magnetic 
bar  in  precisely  the  same  manner  as  the  magnetic  current  is  supposed  to 
do  in  that  theory,  thereby  showing  that  the  electric  current  which  in- 
duces the  magnetic  condition  is  equivalent  to  the  magnetic  current  upon 
which  the  ordinary  magnetic  condition  is  supposed  to  depend. 

Let  S  N  (Fig.  73)  be  a  right-handed  helix,  that  is,  a  corkscrew  helix, 
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Fig.  73. 


(htoagh  ■vh.ic'tt  the  tfiectne  curnnt  entcn  at  8,  and  panei  out  ilX; 
then,  from  what  has  been  said,  the  helix  will  become  a  magnrt,  baring 
the  cxTrcniilf  S  for  its  K>uth  pole,  and  N  br  ita  north  pole  Thii  mif 
bo  Iwti'd  MixTimen tally  by  uaing  De  la  Rict't  JUalinj  battery,  TM 
Fxtmniiin  of  the  helix  arc  ccnncctcd  with  ane  and 
Clipper  platei  Z  and  C,  G\cd  in  a  piece  of  cork,  k  as 
to  make  the  whole  apparatui  to  float  in  a  Mrongly 
acidoliitcd  liquid.  Tliis  float  battay,  like  the  floating 
needle,  will  pUce  itself  iit  the  north  and  aouth  direc- 
tion of  the  needle ;  tbe  ratnmity  S,  through  which 
the  current  entcts,  will  be  directed  to  the  south. 

llic  author  has  found  the  following  finin  of  thi*  apparatm  to  be  Ttfy 
convenient  in  practice.  ,  _ 

B  is  a  deal  board,  having  two 
concentric  groovM  E  and  F  cut  in 
it,  and  filled  with  ntereury ;  the 
wirM  N  and  M  connect  the  mer- 
cury in  these  groores  with  tho 
bindiu<!  tcievt  C  and  7.,  to  which 
the  pules  of  the  battery  arc  at- 
tached ;  S  N  is  a  corkscrew  helix 
nirrounding  a  loft  bar  of  i 


Fig.  7t 


•xtrcmitr  of  the  wire  dips  into  the 
mereury  of  the  groove  F,  and  the  other  into  that  of  the  groove  E;  the 
Boft  (mn  bar,  with  its  helix,  turns  upon  the  jdvot  A.  When  the  poutiTa 
pole  of  the  battery  is  fixed  to  the  landing  screw  C.  and  the  negatire 
pole  to  the  tunding  screw  Z,  the  helix,  with  its  soft  iron  bar,  becomes  an 
actual  magnetic  needle,  and  will  settle  iisclf  in  the  direction  of  the 
magnetic  meridian,  the  extremity  S  being  dinicted  to  the  aouth,  and  the 
other  eitremitr  N  to  the  north. 

If  the  soft  iron  bar  be  taken  nway,  and 
a  steel  needle  be  inserted  in  its  place,  the 
needle  will  be  magnetirod,  having  the  ex- 
tremity tawanl<  S  n  south  pole,  and  the 
e:iliemity  to""ord»  X  a  north  pole. 

Fig.  75  represents  another  form  of  the 
floating  battery,  where  the  copper  and 
unc  plates  Rrc  immcised  in  a  glass  tube, 
filled  with  the  diluted  snlphuric  acid,  and 
the  whole  is  made  to  Boat  in  a  vessel  of 

Electro-magnets  of  immense  power  nay 
Ix  fanned  by  voltaic  helicea. 
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The  JEketro-Mtffnety  or  soft  iron  Horseshoe  Magnet 

2.   Fig.  76  represents  an  dectro-mognet ;  M  is  the  soft  iron  bent  in 
the  form  of  a  horseshoe  magnet ;  P  and  N  are  the  extremities  of  the 
hcUx  of  covered  copper  wire,  surrounding 
the  bar  in  the  manner  just  described ;  K  ia  ^ 

the  keeper  of  the  magnet,  from  which  a 
heavy  wdghl  may  be  suspended,  to  show 
the  power  of  the  magnet.  When  the  ex- 
tremities, P  and  N,  are  connected  with 
the  poles  of  a  angle  pair  of  any  of  our 
constant  batteries,  the  soft  iron  instantly 
becomes  a  very  powerful  magnet,  capable 
of  supporting  a  weight  of  1  cwt.  to  about 
1  ton.  The  moment  the  connection  is 
broken,  the  magnet  loses  its  power,  llie 
wire  intended  to  form  the  coil  is  cut  into 
several  portions,  and  is  coiled  separately 
on  the  iron,  and  then  all  the  corrc^nding 
extremities  arc  collected  into  parcels,  which  are  soldered  to  a  thick  wire, 
which  communicates  with  the  pole  of  the  batter}'.  By  this  arrange- 
ment, the  current  is  divided  into  a  scries  of  short  branches,  which,  col- 
lectively, communicate  with  the  poles  of  the  battery  by  a  short,  strong 
wire ;  this  gives  energy  to  all  the  coils,  and  thereby  increases  the  power 
of  the  electro-magnet.  ^ 

These  temporary  magnets  have  been  called  electro-magnetSy 
to  distinguish  them  from  permanent  steel  magnets,  and  electric 
helices  just  described. 
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Rotating  Magnets. 

3.  The  rotating  magnet,  invented  by  Dr.  Richie,  is  represented  in  Fig.  * 
77.  In  this  instrument^  a  permanent  rotatory  motion  is  given  to  an  clectro- 
mftgnet  c,  upon  a  vertical  pivot,  by  means  of  the  alternate  attraction  and 
repulsion  of  the  ]ioles  N  and  S,  of  a  permanent  harscshoe  magnet.  In 
order  to  produce  this  continuous  rotation,  it  is  requisite  that  the  poles  of 
the  electro- magnet  should  be  reversed  at  every  time  they  pass  the  poles 
of  the  permanent  magnet ;  this  is  effected  by  a  very  simple  and  elegant 
artifice :  a  6  is  a  wooden  cup  of  mercuTT,  divided  into  two  compart- 
ments by  a  bridge  or  partition  of  wood,  in  a  line  with  the  poles  N  and 
8,  whose  upper  edge  is  a  little  below  the  exterior  edge  of  the  cup ;  so 
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that  when  ttic  two  corDparttacnU  are  filled  ynth  mercury,  the  o^nwa 
of  ihc  particlLS  of  thu  ttuid  causes  it  to  itand  •  Uttlo  higher  Ihm  tic 

ICTCl  of  the  lop  edge  of  the  purtitioii;  the  two  eztiemit 

dill  a  Utile  into  (he  tucrcuiy  without  rachiiig  to  the 
luvel  of  the  top  of  the  purtitiou,  kj 
magnet  may  itwly  revolve  upon  it*  vistical  pivot ;  the 
mot'ury  in  one  of  the  compBitmeati  is  eonnected  with 
Ihc  poiitivc  pole  of  a  sinull  battoy,  and  the  other  com- 
partninit  with  the  ni-gativc  pole ;  by  this  contrivam^ 
the  poles  of  the  clcctiu- magnet  are  Tcnracd  &t  eveiy 
time  the  dipping  wins  craw  the  paniticm,  and,  coiue- 
quentli'i  if  tlie  p61e:>  of  the  pomanent  magnet  attract 
the  poles  of  the  electro-magnet  in  any  given  poution, 
they  iviU  be  repelled  the  moment  the  dipping  wins 
have  cniaeil  over  the  paititioa,  and  thu«  the  coatin- 
uoiis  rotation  ia  sustained. 

The  following  is  a  brief  description  of  a  rotatory 
magnet  invented  b}'  llie  author  some  twenty  years  agoa  and  employed 
by  liiin  in  uii  extended  form  a*  a  magnetic  engine,  capable  of  yielding 
about  a  quarter  of  a  horse  power, 
K  S  is  the  electro- magnet,  turning 
upon  a  horizontal  axis  AH;  N  F 
and  S  E  are  the  terminal  wires  of 
the  coil;  each  of  them  forki  off 
into  tH-o  braucliis,  F  H,  F  J,  and 
E  K,  and  E  G  ;  the  extremities 
of  the  wirm  are  ronnectcd  with 
metal  ■cgmentfl,  II,  J,  K,  and  G, 
attached  to  the  ivory  wluvls  A  and 
B,  fixed  tu  Che  conunon  ojiis  A  U ; 
tbe  circumferenera  of  tlicse  seg- 
ments are  placed  coneentric  with 
the  alia  of  motion,  and  iheir  edges  dip  into  mwcnry  placed  in  tbe  cups 
L  and  M,  wliiih  arc  canncctcd  v4th  the  poles  of  the  battery:  by  tUi 
contTLVELnee  the  poles  of  the  olcctTo- magnet  on!  changed  whoi  one  pvr 
of  act^ncnls  passes  out  of  contact,  and  another  pair  coma  into  contact, 
with  the  mercury  in  the  cup«.  The  opposite  poles  of  a  permanent  mag- 
net are  )iloced  in  a  line  with  the  elcctro-nutgDet  when  its  position  eoc- 
respondB  with  the  change  of  its  polarity,  as  in  the  case  of  Sichie'i 
rotating  magnet. 
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Oomtaet  Breaterg.  —  Telegraphic  Alarm  BelL 

4.  The  two  Jbregdng  picoeB  of  apparatus  show  how  the  poles  of  "to 
ctetro-magnet  may  be  renrsed  by  changing  the  direction  of  the  Toltaic 
cuRent.  The  contriTance  repnaented  in  Fig.  79,  called  a  contact 
fafcakor,  ahowa  with  what  rapidity  an  electro-magnet  can  acquire  and 
loae  its  magnfriwa,  M  is  a  small  electro-magnet,  the  armature  of 
which,  B,  is  capable  of  oscillating  between  the  two  poles  of  the  magnet 
and  a  stop  at  its  back,  against  which  it  is  pressed  by  a  spring.  The 
eonducting  wire  D  coils  round  the  lower  branch  of  the  magnet, 
m  shown  in  the  figure,  and  the  other  conducting  wire  C  is  at- 
tached to  the  stop,  and  then  a  wire  passes  from  the  foot  of  the  osdl- 


Fig.  79. 

lating  armature  to  the  extremity  of  the  coil  passing  round  the  upper 
Ivanch  M  of  the  electro-magnet ;  so  that  the  electric  current  is  com- 
pete when  the  armature  is  in  contact  with  the  stop,  and  it  is  broken 
wlien  this  contact  is  destroyed.  The  consequence  of  this  arrangement 
k^  the  electro-magnet  attracts  the  armature,  which  breaks  the  circuit, 
•nd  the  magnetism  instantly  ceases ;  then  the  armature,  being  pressed 
liBck  by  the  spring,  returns  and  strikes  the  stop,  which  again  completes 
tbe  circuit  and  renews  the  magnetism ;  the  armature  is  again  attracted 
\gf  the  magnet,  and  so  on  with  great  rapidity.  The  adjusting  screws 
P  and  G  enable  the  operator  to  regulate  the  rapidity  of  the  strokes. 

To  form  this  instrument  into  an  alarm  bell,  it  is  only  requisite  to  fix 
:•  hunmer  to  the  top  of  the  armature  E,  and  to  place  a  bell  within  the 
HliikiBg  distance. 
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uo-ioagnet ;  p  »nd  m  the  Un^g  screwi  to  vhidi  Uie  poles  of  tbe  tMt- 
tecr  ue  Gxcd ;  A  the  feeder  or  annMture,  impended  from  the  extremicy 
a  of  B  graduated  le^-et  a  6  tnnuiig  on  >  fixed  centra <r  falcnun  e;  A  > 
»liding  hook,  to  which  a  icale  pan  with  weights  jnmy  be  Bttiched.  The 
vrdght!,  put  in  the  scale  pan,  nec«««iiiy  for  brasking  the  contact  of  the 
fccdpr  A,  give  the  data  for  calculating  the  force  of  the  magoct,  on  the 
nmple  principle  of  the  lever  of  the  first  kind. 

JItt/iod  of  ribTBtimu.  —  The  oGcillations  of  a  magnetic  ncedh^  hefiM 
it  settles  in  its  north  and  south  direction,  (bUow  the  saroe  law  as  tha 
vibrations  of  the  pendulum.  The  directive  force  of  a  magnetic  ncedllt 
therefbtc,  may  be  measured  by  the  number  of  oscillstionl  that  it  iriU 
make  in  a  given  time  when  drawn  a  little  to  one  ndc  of  its  magnetic 
meridian.  When  the  same  needle  is  employed  to  determine  the  directin 
fijrcc  at  two  dilfcrcnt  places  on  the  earth,  this  directive  force  raiin  ■ 
the  squares  of  the  number  of  vibrations  performed  in  a  given  time. 

The  vibrstion  of  the  needle  is  qIeo  employed  to  detamine  the  intaiaity 
of  the  different  pi^iitB  in  a  magnetic  bar.  In  this  case,  it  is  iiiiiiimij 
that  an  allowance  should  In;  made  for  the  directive  force  of  the  earth. 

According  to  tho  cxperimcnia  made  bj  Coulomb,  the  Kt> 
tractive  forces  of  tlio  diUcrent  points  in  a  long  magnetic  bar, 
us  estimated  from  the  centre  of  the  bar,  increase  in  a  geomeU 
rical  progression  as  the  diEtances  fram  the  centre  iDcreass  io 
arithmetical  progreuion. 
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TO  HAOHETIZK   STEEL   BABS   BT  THE   ELECTBO-HAGKETIC 

COIL. 


6.  Tlie  simplest  way  of  doing 
tbis  is  to  coil  a  Tery  stout  copper 
wire,  oonnd  with  -silk,  xoosd  a 
pasteboard  tube,  about  18  inches 
long  and  2  inches  diameter.  The 
bar  A  B  to  be  magnetized  is  placed 
between  two  soft  iron  cores,  A  Q 
and  B  D,  made  exa^^  to  fit  the 
interior  of  the  past^oard  tube 
E  F.  The  whole  is  placed  within 
the  tube,  and  the  extremities  C  and 
Z  of  the  helix  are  connected  with 
the  poles  of  the  battery :  in  a  short 
time  the  steel  bar  A  B  will  be 
magnetized  to  saturation. 


3 
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ON  THE  ACTION  OF  ELECTRIC  AND  MAGNETIC 

CURRENTS. 

7.  In  addition  to  the  magnetic  effects  of  electrical  currents, 
which  ^ave  just  been  noticed,  the  following  general  laws  of 
electro-dynamics  have  been  established :  — 

General  Laws  of  Electro- Dynamic  Action, 

* 

a.  Every  metallic  conductor,  through  which  an  electric 
ciQTent  passes,  acts  on  magnets  suspended  freelj,  and  shows 
oaagnetic  properties. 

A»  Electric  currents  exert  on  each  other  influences  like 
those  which  thej  exert  on  magnets. 

Cm  A  magnet  acts  on  an  electric  current  preciselj  as  an« 
Other  current  would  do. 

<2.  Electric  currents  in  conductors  in  like  manner  excite 
roch  currents. 

e.  Magnets  can  in  like  manner  excite  electric  currents  and 
the  other  electric  influences  dependent  on  them. 
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It  must  be  observed,  Uiat  the  condiiioa  essential  t»  tliiie 
effects  is,  that  the  electric  fluid  must  be  in  a  state  of  modon, 
that  Ls,  it  must  be  in  the  form  of  a  continuous  current ;  or, 
in  other  words,  it  must  be  in  tfa«  coaditim  which  it  caDed 
dyncumc.  There  is  no  action  w]ie»  Ike  eiectricilj  is  in  the 
MUUic  or  Un$ion  state. 


ACTION   OF   ELECTRIC   CURKENTS   ON 

N££I>LE. 
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8.  OeratecCa  experiment,  —  Place  the  condiMtiB^  wixe  A  B  of  s  l«t^ 
tery  in  the  direction  of  the  magnetic  meridiaR,  Ti&,  B  towarda  tiie  north 
and  A  towards  the  south,  as  shown  in  Ilg;  82 ;  auspeod  a  needle  8  X 


Fig,  82. 

ctw  the  conducting  wire  A  B,  and  the  north  pole  N  will  he  dfefloctffdtB 
the  east ;  suspend  the  needle  helow  the  conducting  wire  A  Bs  and  iti 
north  pole  will  be  deflected  to  the  west. 

The  needle,  therefore,  endeaTors  to  assume  a  positioQ  peipcmliculir  to 
the  direction  in  which  the  dectzic  current  flows. 

Ampere  represented  the  action  of  the  electrio  ouxrent  <n  a  niagiMtio 
needle  under  a  form  which  is  easily  remembered.  «  We  have  onl^  ^ 
conceive  a  man  lying  down  in  the  portion  of  the  circuit  under  mnsidrri 
ation,  in  such  a  manner  that  the  current  enters  by  his  feet,  and  goes  ooty 
consequently,  by  his  head ;  furthermore,  we  haye  but  to  coucciTe  timl 
this  man  has  alwaya  his  ftoa  turned  towards  tha  needle  a»  ai  to  look  at 
\t\  thm  the  actuw is  alwaya ilnmd  to baanditbiithaafflteyDhtafllMi 
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needle  is  deviated  to  the  letf*Qf  this  man.  This  formula  comprehends 
all  poaBible  cases." 

It  is  easy  to  see  that  the  positive  ciirrcnt,  coming  from  the  positiYe 
pole  of  the  battery,  passes  along  the  conductor,  and  arrives  at  the  nega- 
tive pole^  and  retums  through  the  plates  of  the  battery  to  the  pontive 
pole ;  90  thai  the  cuzvent  has  a  difierent  direction  in  the  two  parcel 
pcvtionB  of  the  circuit,  as  shown  in  Fig.  82. 

All  the%e  effects  are  perfectly  in  accordance  ^th  the  theory  of  mag- 
netic action  explained  at  page, 301.  The  needle  seeks  to  place  itself  at 
right  angles  to  the  direction  of  the  current,  on  the  principle  that  the 
electric  cuirent  in  the  magnet  seeks  to  place  itself  parallel  to  the  current 
in  the  wire. 

-  Galvanometers. 

9.  We  have  explained  the  construction  of  certain  voltameterB  or 
galvanometers  depending  upon  the  calorific  and  chemical  effects  of  the 
voltaic  current;  but  the  most  perfect  instrument  of  this  kind  is  that 
which  depends  upon  the  magnetic  effects  of  the  current. 

The  most  simple  magnetic 
galvanometer  is  represented  in 
Hg.  83.  A  magnetic  needle 
n  »  is  suspended  between  two 
conducting  parallel  wires  u> 
and  W,  terminating  in  the 
merciuy  cups  P  and  N.    The 
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Fig.  83. 
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conducting  wire  is  placed  in  the  direction  of  the  magnetic  meridian,  so 
that  the  needle  has  the  same  direction  as  the  wires.  When  the  poles 
of  the  battery  are  inserted  in  the  cups  P  and  N,  the  needle  is  deflected 
after  the  manner  described  in  the  foregoing  section.  According  to  this 
arrangement,  the  conducting  wire  above  the  needle,  as  well  as  the  wire 
below  it,  tends  to  deflect  the  needle  in  the  same  direction,  so  that  the 
doable  wires  exactly  double  the  amount  of  deflection.  The  angle  of 
deflectom  gives  us  a  rough  mode  of  estimating  the  quantity  of  voltaic 
fluid  evohred  by  the  battery. 

But,  instead  of  bending  the  wire  round  the  needle  once,  if  we  bend  it 
twice,  thrice,  or  any  number  of  times,  we  must  obviously  increase  the 
deflecting  power  in  the  san^e  ratio. 
This  eonstruction  is  adopted  in  the 
gebranameter  represented  in  Fig.  84 ; 
where  n  s  is  the  needle,  smroimded 
by  a  series  of  coils  of  covered  silk 
wii%  Aii-d  Tbis  iBfttument  has  been 
celled  the  gakanometer  multiplier.  Fig*  8i« 
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Elg.  85  rcpnsents  >  mm  el^ant  fona  of  the  inBtniniQil;  «]«4i   ' 
coil  of  wiic  ii  wound  round  a  iToaden  fiune  fixed  upon  a 
provided  mth  tuiuUng  m 
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i'obiiri  gahanotnrter  muUiplier,  Tepnscnted  in  Fig.  80,  eonsisU  of  ra 
attaiic  needle  (Bee  p.  300)  suspended  by  a  filomeiit  of  untwiated  dk, 
one  of  the  necdlca  being  placed  witllin  the  conducting  eoil,  the  other 
trichout  it :  so  that  the  cuncnt  of  electricity  tends  to  deflect  both  nee- 
dles in  the  same  direction,  thereby  giving  a  double  power  ta  the  iiMni- 
nicnt.  The  whole  of  the  coil,  together  with  the  needle  and  it*  thread 
of  suspcnuon,  is  covered  with  a  glass  shade ;  a  and  ft,  fixed  to  the  faind- 
iftg  screws,  arc  the  wires  proceeding  fiom  the  poles  of  the  currsit,  whoM 
power  is  to  be  determined  b;  the  iwtnimait;  the  eztieimtiei  of  Hm 
Dire  ctul,  of  couiK,  terminate  in  these  bindius  wrcwi. 


'  ELECTBIC   CURBEirTS    t 


:   EACH   OTHEK. 


10.  Ampere  discf>rered  the  following  Uws,  according  to 
which  electric  currents  act  upon  each  other:— 

a.  Parallel  currents  attract  each  other  vhen  Quy  flow  in 
tbe  same  direction. 


SLSCTBO-DTnunaa. 

I  the  panHd  wires  ah  wid  c d,     a 

ited  in   Tig.  87,   trananiittiDg 

B  in  tlie  ume  diractioa,  attiBct     '  — 


Parallel  currents  repel  eaah.  other  when  they  flow  in 


I  (be  paitlld  wiPM  a  b  and  c  d,    "  j^     ^     '  ' 

Med  in  Fig.  88,  transmitting  ■*— <<  j 

f  cutreaU,  repd  csch  other.  J^.  SB. 

e  Iowa  are  peiftctly  in  accord- 

ith  the  theory  of  magnetism  explained  at  p.  301. 

rder  to  eatabliah  tbese  Ibwb  by  expcrimeDt,  the  floating  battBT 

ited  in  Tig.  89  may  be  eafplojod.    This  bVCterj  ctatiMU  at  a  pal): 


Fig.  89. 


t^  viz.,  platinum  and  amalgaraated  zinc,  flyed  to  a  cork  float  A, 
iring  its  poles  in  connection  with  the  cnpa  a  and  i ;  the  win 
[ovceeding  &om  these  cups  conducts  the  cmrent  as  reprewnted 
amiwB  in  the  figure ;  the  whole  of  this  floating  battery  it  placed 
3acl  containing  diluted  sulphuric  acid,  which  acta  as  the  exciting 
To  one  of  the  verticsl  blanches  B  F  ve  preMnt  a  parallel  win 
29 
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ime  of  the  needle*  bciii 
irithout  it ;  » tliat  U^ 
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The  vhole  of  tb 
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C  D,  traversed  by  a  powerful  current  of  electricity ;  then  irhen  thetbr- 
xcnts  flow  in  the  f>amc  direction,  the  i^ire  B  F  with  its  floatbg  teteiy 
18  attracted  by  the  wire  C  D  ;  and,  on  the  contrary,  when  Ae  consd 
in  the  wire  C  D  flows  in  a  contrary  (Erection,  the  floating  battery  is  1^ 
pellud. 

The  same  laws  hold  true  with  respect  to  angular  currents, 
or  those  currents  whose  directions  are  inclined  to  each  other; 
the  form  of  expression  in  this  case  being  simplj,  that  currenU 
which  are  directed  to  the  same  pointy  or  which  proceed  from 
the  same  point,  attract  each  other,  and  vice  versdj  as  before. 


VARIOUS  MOTIONS  PRODUCED  BY  THE  MUTUAL  ACTION  OF 
MAGNETS  AND  CDRUENTSy  AND  CURRENTS  UPON  EACH 
OTHER. 

11.  T/)fi  MciJlatuiff  electrical  apiral,  represented  in  Fig.  00,  affi>rdB  a 
beautiful  ilhistrfttion  of  the  attraction  of  parallel  currents. 
A  fine  tlcxible  copjxT  spiral  wire  A  is  suspended  from  the 
extremity  of  a  conductor  D,  proceeding  from  the  jjoeitivc 
jx)lc  of  the  battery ;  tlic  lowcj  extremity  of  tlus  sjnral 
dips  slightly  into  a  cup  of  mercur}',  a,  in  which  i:i  placed 
the  extremity  of  tlie  wire  C\  leading  from  the  negative 
ix)lc  of  the  battorj'.  AVhcn  the  current  is  complete,  the 
f<I>iral  vibrates  longitudinally ;  for  at  e\'ery  contraction  the 
current  is  broken,  and  then  the  weight  of  the  wire  causes 
its  extremity  to  sink  again  into  the  mcrcur\',  and  thus  a  continuous 
oscillation  is  sustained. 

It  has  been  bho^m  that  a  Jixed  or  closed  currcfU  exertg  a  tangential 
force  upon   the  jutle  of  a  magnet 
which   is  free    to   move :    thus  let 
A  B,  in  Fig.  91,  rcjirescnt  the  di- 


rection of  the  fixed  current,  and  N 
the  pole  of  a  magnet,  free  to  obey 
the  impulse ;  then  tho  north  pole  N 
is  impelled  in  the  tangential  diroc-    s  p^g^  91^ 

tion  N  n ;  that  I**  to  say,  in  a  direc- 
tion perpendicular  to  the  direction  of  the  current  A  B- 

In  like  manner,  since  action  and  reaction  arc  equal  and  contraiy,  ■ 
pole  of  a  moffnct  exerts  a  tangential  force  on  a  cttrrmt  vhich  is  frm 
to  move;  thus  the  pole  N  of  a  fixed  magnet  (see  Fig.  92)  will  impel  the 
free  wire  A  B  oonductiDg  a  current  in  the  tangential  dizwtifla  B  «•   ml 
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■    TheMienltswegeBaillyTep- 
zeMnted  in  Tig.  ^3>  wbese  N  rep- 
WMDlB  the  north  p(^  of  a  magnet, 
C  the  section  of  the  conductor  of 
mdeMMDdmg-deotnc  cntxent  per- 
pgndionUff  to  the  i»kne  of  the 
pi^er ;  then  the  action  of  C  upon 
N  tends  to  move  it  in  the  direction  N  n,  and 
the  reaction  of  the  pole  N  upon  the  wire  C 
tends  to  more  it  in  the  contrary  direction  C  c. 
I^  therefiire,  the  pole  N  be  free  to  moye  round 
the  inre  G,  the  tai^entiail  line  N  n  will  be 
the  direction  of  the  motion ;  and  if  the  con- 
ducting wire  C  be  free  to  more  round  the  pole 
N,  the  tangential  line  C  c  wiU  be  the  direc- 
tion of  the  motion. 

The  following  rotatory  motions  depend  on 
these  principles. 


XT' 
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2h  make  the  poie   of  a   magnet   N  revolve  round  a  fixed 

electric  current  C. 

This  was  first  effected  by  Faraday  in  the  following  manner :    A  small 
magpict  N  is  fixed  to  the  lower  part  of  a  vessel  V,  by  means 
of  a  silk  thread ;  the  vessel  is  filled  with  mercury  nearly  to 
the  top  of  the  magnet ;  C  is  a  conducting  wire  dipping  into 
the  mercury,  and  Z  is  another  conductor  communicating 
wiA  the  mercury  at  the  bottom  of  the  vcsseL    Now,  when 
the  electric  current  is  established,  by  connecting  the  ex- 
tremities of  the  wires  C  and  Z  with  the  opposite  poles  of 
the  battery,  the  pole  N  of  the  magnet  revolves  round  the 
conducting  wire  C.     The  ends  of  the  wires  should  be 
amalgamated  to  insure  metallic  contact.    If  the  current  is    Fig.  94 
descending,  that  is,  if  C  be  connected  with  the  jxisitive 
pole  of  the  battery,  and  if  N  be  a  north  pole,  its  motion  round  the  wire 
will  be  direct,  that  is,  in  the  direction  of  the  hands  of  a  watch ;  and  so 
on.  Wee  verad. 


To  make   a   movable   vnre    A  B,  traversed   by   a    currenty 
revolve  round  the  pole  N  of  a  fixed  magnet. 

Here  the  wire  A  B  is  suspended  from  the  wire  C  by  a  loop,  and  dips 
into  the  mercury  in  the  Teasel  Y ;  when  the  circuit  is  cstablishedt  by 
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cmneeting  the  wires  C  aaA  Z  irith  the  itapecd'wB  pain  of  the  hUtaj, 
the  c<mductiDg  wire  reTolves  tound  the  pola  N  of  the  nugaet. 

If  the  cutrent  be  deaccnding,  and  N  he  the  north  pole  of  the  nofoet, 
the  rotstion  nill  be  direct. 

These  two  roteticiiui  may  be  exhibited  in  one  piece  of  appentet.  > 
Rpreaented  in  tig.  96,  when  «  re[ataBitB  the  remtring  kimII  augut, 


JV?.  9S. 


Fig.  96. 


which  is  bert  made  with  a  sewing  needle ;  fp  the  rerolving  wire  j  e  the 
poffitive  pole  of  the  battery;  and  z  the  negntiTe  pole-  When  the  north 
poles  of  the  magnGts  eie  both  turned  upwaids,  the  lotationa  take  place 
in  the  i^recttom  of  the  ainiws,  as  ibown  in  the  figure.  Rerene  the 
direction  of  the  electcic  cumait,  and  the  lotationi  will  bo  n 


Ampin's  rotation  of  a  current  ahout  the  pole  of  a  nujgneL 

On  the  two  pola  N  and  8  of  ■  permanent  .^i 
honeshoe  magnet  an  placed  two  cella  of  copper, 
(acCBn  on  N,  andsiian  on  B;)  bd,bd, 
are  ooppa  wires  attached  to  cylindas  of  amal- 
gamated zinc,  which  dip  into  the  diluted  ml- 
phmic  acid,  filling  the  cdls ;  these  linc  cylindoi 
turn  on  pvots  at  j  i ;  tlie  mne  cylinden  lerolTs 
round  the  Kspective  poles  of  the  magnet  in  con- 
trai7  diiectiona ;  that  is,  in  the  directioni  indi- 
cated hf  the  aiTowB. 


ELKC  TRO-DTHAHIC  S. 


Fig.  M  TepnMSta  •  *Iight  inodiflcatioii  of  the  Jbregtiiig;  hve  thB 
copper  «eU  tntni  npon  ft  piTOt,  ■■  wcQl  u  the  ano  cyliodoi  and  br  an 
obrioot  leucn  they  lerolve  in  contnry  dincticmi. 


ELECTRO-DYNAMIC  INDUCTION. 

12.  Fuaday  was  the  first  philofiopher  who  discoTered 
the  laws  of  electro-dTn&inic  induction.  Me  showed  that  iin 
electric  current,  or  a  magnet,  ia  able  by  induction  to  develop 
at  a  distance  electric  currents  in  a  conducting  wire ;  in  the 
aame  wa;  as  common  electricity  electrizes  an  insulated  con- 
doclAr  hj  induction. 

Bxp.  1.  To  ihow  the  induction  of  a  current  by  megnetiani.  Take 
ttB  ceil,  TcpTCKDted  in  Fig.  SI,  md  place  its  eztremitiea  C  and  Z  in 
eoBsection  with  the  teBpectire  landing  Krein  of  a  galnnometfT ;  md- 
dnlj  iiuat  a  lOong  cylindrical  magnet  withia  the  ctnl,  and  the  ncedla 
win  be  toAantly  deflected,  but  it  will  ahncat  Inunediatdy  letnm  ta  ita 
ffrigipBl  pcBtion ;  tuddeuly  withdraw  the  magnet,  and  tito  needia  wiU 
ba  deflected  in  the  oppoate  diiection. 

Thns  it  appears  that  the  induction  ot  the  current  acts  only 
at  the  instants  of  application  and  withdrawal  of  the  magnet. 

^nna  aa^laini  the  princqde  on  which  Clark's  magneto-electric  machine 
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Exp.  2.  AttBch  muill  copper  cylindoi  nci 
tia  of  the  irirc  C  uid  Z ;  and  place  ■  bundla  of  aoft  iron  ndi  (iiuuUM 
fonn  each  other  b;  a  coating  of  ihell  lac)  into  the  ocnl;  connect  tbe 
wins  C  and  Z  with  tbe  poUa  of  the  lattery ;  hold  the  ojpfa  cjlindai 
In  the  hand*,  and  Bnddsily  withdiair  one  of  the  yiiim  fimn  the  pde  of 
the  battery,  and  a  ptctty  powoful  electric  ibock  will  be  felt,  and  at  the 
same  time  a  upark  will  begiTen  off  fiom  the  ptunt  ct  the  wire;  at  the 
moment  of  lealoring  tha  contact,  another  ibock  will  be  telt. 

The  cuneat  loodnced  in  theeecxpaimintiiuicidlad  t  primary  eurrail; 
a  teondary  evrrent  'a  produced  in  the  following  manner :  — 

Over  the  cuil  of  win  dsiciibcd  in  the  foragoiiig  exprnmeoti,  let  an 
exactly  smlUr  coil  ba  fanned  upon  it ;  let  Fig.  S9 
Teptncnt  this  double  coil,  where  a  and  b  an 
endi  of  the  lint  or  primuBy  codl,  c  and  d  the  aida 
of  the  second  or  itcnndarj/  cotL     Connect  the  a 
a  and  6  with  the  poles  of  a  battery,  and  the  be 
c  and  ^wilh  ngnlvanomptcr;  then  the  needle  will   | 
be  ijiBtaiittT  di.'flectcd,  showing  that  a  ucraidary 
cuTTcnt  bud  been  induced  in  the  second  cml  by  the 
isiniary  current  in  the  first  coil ;  suddenly  take 
away  one  of  the  wires  from  the  cup  of  the  galva 
nometer,  and  the  needle  will  be  deflected  in  th 
oppuste  direction.    The  induced  cniients  only  a 
at  the  inltant  of  making  oi  of  breaking  the  contn 


Fig.  89. 
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13.  One  of  the  moiil  simple  machines  of  this  kind  is  represented  in 
Fig.  100.  J  J  Is  a  Ki^tional  rrprosenlatinn  of  a  double  induction  spiral ; 
r  r  the  womicn  linlluw  roller  on  which  the  primary  ccal  of  tieut  ct 
wire  a  o  is  wrapped  ;  h  b  the  secondary  coil 
of  fine  wire  surrounding  the  Urat  coil;  m 
the  bundle  of  iron  wires  placed  in  tbe  hol- 
low axis  of  the  coils,  and  pmjccting  with 
its  lower  pole  a  little  bpyond  the  «-oodcn 
(^linder ;  one  end  ;  of  the  wire  of  the  pri- 
mary c<m1  i»  connected  with  one 
constant  battery,  and  the  other  ei 
of  the  wire  of  the  primary  coil  with  the 
other  pole  of  the  battery  j  thot  portion  of  **■  '"*'■ 

the  GonductO'/i  h  ef,  between  the  two  binding  screwi  y  and  i,  acta  aa 
tbftoOTtact  breaks.    This  contact  brsoto- ii  eooitiuctcd  «  fiillmi  tt 
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i0  eoIoBed  at  /  to  a  flexible  plate  screwed  to  the  rod  proceeding  from 
the  KiwHing  gcrew  x;  e  is  a  plate  of  soft  iron,  soldered  to  the  conducting 
wire,  exactly  nnder  the  electro-magnetic  rods  m  ;  at  A,  the  conducting 
wire  is  bent  downwards,  and  terminates  with  a  hammer,  haying  a  plat- 
inum point,  which  rests  upon  a  copper  plate  or  anvil  p.  When  the 
hammer  A  Is  in  contact  with  the  anvil  p,  the  electrical  current  is  com- 
plete, and  the  soft  iron  wires  m  become  powerfully  magnetized  by  the 
primary  current ;  the  magnet  then  attracts  the  plate  0,  and  breaks  the 
contact,  the  rods  instantly  lose  their  magnetism,  and  then  the  hammer 
h  £edls  upon  the  aninl  m,  and  thereby  again  rcstarcs  the  electrical  cur- 
rent ;  and  so  on.  This  process  goes  on  with  great  rapidity,  so  long  as 
the  connection  of  the  wires  z  and  y  with  the  poles  of  the  battery  is 
maintained. 

Vivid  sparks  are  emitted  between  the  hammer  and  the  anvil,  every 
time  the  comiection  is  broken  or  made. 

Substances,  to  be  subject  to  the  action  of  the  electric  current,  must  be 
interpoaed  between  the  binding  screws  x  and  y ;  thu^  the  thermal,  chem- 
ical, magnetlxing,  and  physiological  effects  may  be  observed  at  the 
instant  the  contact  of  the  hammer  with  the  anvil  is  broken  or  destroyed. 

But  the  secondary  current  is  that  which  should  be  used  for  pro- 
ducing the  shocks  or  physiological*  effects.  For  this  purpose,  the  ex- 
tremities of  the  wire  forming  the  secondary  coil  6  6  are  soldered  to  small 
copper  cylinders,  and  these  are  held  in  the  hands  of  the  person  wishing 
to  receive  the  shocks,  one  cylinder  in  each  hand.  A  rapid  succession  of 
shocks  is  felt,  for  the  effect  takes  place  at  every  time  the  contact  of  the 
hammer  with  the  an>'il  is  broken  or  renewed. 

This  machine  has  been  constructed  in  various  forms;  sometimes 
Richie's  rotating  magnet  is  used  for  breaking  and  renewing  the  connec- 
tion of  the  conducting  wire  of  the  primary  coil  with  the  poles  of  the 
battery. 

Faraday's  Magneto-electric  Machine. 

14.  The  first  machine  of  this  kind  was  constructed  by  Faraday,  as 
shown  in  Hg.  101.  It  is  thus  described  by  Brand  in  his  Manual  of 
Chemistry* 


Fig.  101. 


C  ii  K  copper  plate,  la  mounted  u  to  idmit  of  rendving  on  its  uu ; 
M  J  are  the  palet  of  s  powerful  boncalioe  magnet,  to  pUced  is  to  admit 
of  the  rerolution  of  the  plate  between  them  ;  k  w'  ire  conducting  wires, 
one  of  which  is  retained  in  metallic  contact  with  the  axa,  aiid  the  other 
■with  the  rim  of  the  pUtc,  at  the  pmnt  between  the  poles  n  ».  Th<x 
wiiea  BTC  connected  with  the  galvaiiometer  g.  ^Sltcn  the  copper  pUte  ii 
made  to  rcrolve  from  right  to  left,  a.  cuirent  of  electricity  a  produced  in 
the  diiecHoa  of  the  airows,  and  deflects  the  galranometcr  accordin^jr- 


ClarL't  Maffnelo-tlectrie  Machine. 

If.  Pixii  first  made  a  machine  of  this  kind,  which  was  aucccMiTriy 
improved  b;  Raxton  and  Clark.  The  arrangement  adopted  by  ClaA  k 
thus  described  by  SI.  Secqudrel  in  his  treatiM  oa  Electricity. 

A  (Fig.  103)  repnscnta  a  anics  of  An  mafinctiied  bars  of  steel,  bent 
Into  a  honeahoc  fbrm,  Htranged  vertically,  and  supported  by  four  Ki«*s 
fixed  to  the  board  1!,  two  of  which  are  seen  at  M  N,  (Fig.  103.)  A 
thick  bar  of  brass  C  i<  picrrcd  in  its  centre  by  on  opening,  into  which 
passes  a  bolt  with  a  nut  for  the  purpose  of  securing  the  mapirt  against 
the  board  B.  By  this  arraDgement  the  magnet  may  be  easily  nanored 
without  disturbing  the  rest  of  the  apparatm.  D  trpicsents  the  arma- 
ture of  a  double  cylinder  of  soft  iron  O  F,  which  ia  fixed  to  a  Ivsn 
screw  placed  between  the  polts  of  the  battery  A.  This  piece  is  set  in 
motion  in  the  manner  indicatcd'in  Fig.  103,  by  mnins  of  the  wheel  E 
of  an  axis  of  rotation  and  an  endless  eord.  On  each  cylinder  ii  rolled 
*  halts  of  fine  copper  wire,  coated  with  dlk,  and  about  800  yiidt  in 
""""■     "       *"        s  MldsKd  to  Aa  amrtimt 


lugth.     Onoof  the  ends  of  each  Vfii-r  ii 


popcrdicalar  to  the  na&ce  at  whkb,  at  D,  ii  k  br*M  lod  npiKFitiRg 
two  bteak-peccB  H.  K  rcprewnla  a  hollow  bnM  Cflinder,  to  which  ii 
ioldeted  cae  «f  the  free  ends  of  the  helices,  and  which  b  ecpnated  iiota 
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;  the  other  end 


the  rod  by  metuu  of  n  pecx  at  hsid  wood  retting  on  it 
cf  the  beliECH  it  io  communication  with  the  rod.  O  ia  an  iaron  wiie 
q^ring  to  exaoffi  a  preMuie  agninst  the  boUow  cylinder  K,  with  which 
it  b  in  metallic  contact,  bj  means  of  a  screw  flxed  in  the  bran  plate  M. 
F  re^naentB  a  square,  votical  farsBa  rod,  fitted  into  the  bnn  plate  K. 
Q  ii  a  metal  spring,  exerdnng  a  feeble  presson  on  the  break  piece  H: 
it  la  held  in  metallic  contact  by  means  of  a  hinding  screw.  T  is  a  cop- 
per wire  Ibr  making  communication  betweoi  the  brass  plates  U  N.  Bj 
meana  of  this  airangement,  these  rvious  parts  D,  H.  Q,  P,  N,  in  In 
eonnection  with  one  of  the  ends,  and  K  and  M  with  the  two  other  enda. 
It  is  Tery  eridoit  that,  as  the  spring  Q  insses  gently  on  the  break-piece 
Ht  the  decti  are  r^nlar.  ....  It  is 


pressure  against  the  hollow  bi 
rangemcnts,  a  mercury  bath, 
sedcd.  When  the  shock  is  to 
conductors  R  8  (Fig.  102)  are  t 
with  salt  water,  one  of  the  con 
j)late  M,  and  the  other  with  tl 
figure  ;  M  and  N  are  then  unii 
by  this  apparatus  as  soon  as  th* 
desire  a  current  alwa}*8  in  the 
placed  on.  In  this  case,  the 
changes,  that  is,  when  each  he! 
On  placing  the  two  connectii 
not  so  powerful.     U  an''  "*'  '  ^ 


Of^^ 


,1- 
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K  H.  TW  tabM  A.  aze  filled  with  wUa,  and  then  plued  ova  tli« 
plitiniim  wirea,  vhcrc  the;  arc  supported  hj  a  cork.  The  tifo  platm  of 
B  C  and  D,  which  are  coimected  b;  coj^ict  «rii«8  -with  M  and  N| 


•K  Kt  ■bowing  the  eficcts  of  dcctro-chcmieal  decompa«itioiu.  Tea  thta 
pupoMv  A  piece  of  litmua  or  tunneric  paper,  prcriouslj  moistened  with 
•  neutral  aalt,  ia  placed  between  the  dislu.    In  the  place  of  the  two  pre- 
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jt^'^g  hetioet  and  their  accCBxaries,  which  he  calls  the  infetuity  arma- 
Dn,  became  the  current  obtained  is  from  electricity  of  high  tension,  Ur. 
Cbdc  emploTB  a  quantity  armature,  formed  of  Icsb  powoful  cylinder*, 
>nd  with  ■  ooppa  wire^  corned  with  silh,  only  45  jaida  bog,  the  dion- 
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ctcr  of  vUch  is  m^ater.  Fig.  toj  represents  the  appuatua  fimtiriri 
vith  this  new  anr.uture.  A  in  the  iHJtaohoe  magnet,  D  the  srunn, 
F  and  li  the  two  helices.  Attention  must  be  paid  that  the  ipring  qdti 
the  lireak-piccG  at  the  momtnt  when  the  jdcce  is  Tertical,  for  thai  it  ii 
that  it  i£  in  a  ncuttnl  pottijion  relative  to 
inse  iron  wire  \ntb  bright  ecintillationi,  c 
with  ttic  did  P>  uid  the  other  md  ia 
gently  pressed  on  the  Totuting  ormstiire 
1).  If  we  wish  to  obtain  epark*  of  dif- 
fctcnt  colore  by  the  einploj-nicirt  of  dif- 
ferent metals,  the  brculi-picx'c  is  takra 
away,  and  the  piece  of  copper  II  (Fig. 
lOS)  ii  substituted.  In  its  open  port  ia 
introduced  a  piece  of  any  inWallic  wire 
C,  g(Jd,  for  eiample;  the  citremity  of 
the  spring  G  is  also  of  gold.  On  mak- 
ing the  apparatus  rotate,  purple-colored 
qtarks  are  obtained. 


TIIERMO-ELECmiCITY. 
IC.  The  electricity  which  ia  developed  by  heat  is  caned 
thermo-electricity.  "When  two  different  metal  rods,  BUch  as 
copper  and  platinum,  or  antimony  and  bismuth,  are  soldered 
togelhcr,  and  heated  at  the  port  of  juaetion,  electridty  ia  gen- 
erated. 

E;^  I.  IVift  the  end  of  a  coppCT  wire  Toand  one  end  of  a  platinuia 
iviie ;  place  the  other  dctremitica  in  conneetirai  with  the  binding  tcrewi 

of  a  plTBuDmcter;  heat  the  tvinted  extremities  with  the  lluae  of  a 
■I«rit  lamp;  the  neallo  of  the  galvanonieter  will  be  instantly  deflected. 

Exp.  2.  Fix  two  copper  wires  into  Ibe  binding  bcren-s  of  a  galTanom- 
etcr;  heat  the  free  eiid  of  one  nire  with  the  flame  of  a  Biririt  lamp; 
bring  the  free  end  of  the  other  wire  into  cnnlact  with  this  heated  wire; 
the  needle  n-ill  be  in<itanTly  deflected,  thereby  shoirini;  the  existence  of 
on  elcetrie  eturent.  It  ia  ddtable  that  the  end  of  the  wire  which  it  to  be 
heated  should  terminate  with  a  small  plate. 

Erp.  3.  The  pimple  apporatue  reprcFcnted 
in  Fig.  107  exhibits  tbc  effcriB  of  thermo- 
electricity  in  a  very  striking  manner,  a  b 
td  eian  strip  of  copper,  bent  into  the  fbrm 
•luwn  in  the  figure,  and  rivatcd  at  e.    A 
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man  magnetic  needle  n  «  is  raspended  between  the  plates.  Heat  the 
free  end  a  of  the  copper  frame  with  the  flame  of  a  sptdt  lamp,  and 
the  needle  wiU  he  instantly  deflected. 


Hiermo-eleciric  Batteries, 

17.  These  batteries  are  fonned  by  soldering  together  a  series  of  pain 
of  metal  ban,  as  shown  in  Fig.  108,  where  the  dark  lines  represent  the 
ben  of  the  same  kind  of  metal,  and  the  fScdnt  lines  those  of  the  other 
kind  of  metal.  Heat  is  applied  at  the  junctions  aaa^  while  the  junc- 
tioos  6  5  6  are  kept  oooL    The  extreme  ends  a  b  fonn  the  poles  df  the 


h    h    b    h    h    a 


b     b        b        b      a 


wvw    uuinj 

a    a    a    a    a  a       a       a        a 

Fig.  108. 

battery,  which  may  be  connected  with  binding  screws,  &c.  Bismuth 
and  antimony  are  the  two  metals  most  commonly  used  in  constructing 
these  batteries,  when  the  heat  employed  is  moderate ;  but  if  the  heat  to 
which  the  battery  is  to  be  exposed  is  great,  platinum  and  iron  should 
be  used. 

-  A  thermo-electric  battery  is  sometimes  used  as  a  thermometer.  Fig. 
109  represents  an  apparatus  of  this  kind,  a  the  tin  or  brass  box  which 
contains  the  thermo-battery  S,  com-  • 

posed  of  bismuth  and  tmtimony  ban,  *^ 

arranged  according  to  the  principle  ex- 
plained in  connection  with  Fig.  108 ; 
m  and  p  the  binding  screws  connected 
with  the  poles  of  the  battery;  wires 
pass  from  these  binding  screws  to  the  ^^9»  l^^* 

.galvanometer ;  b  and  e  are  the  two  lids 

of  the  box.  When  heat,  in  any  form,  is  applied  at  S,  the  deflection  of 
the  needle  indicates  the  degree  of  temperature  of  that  heat.  This  in- 
itrument  is  much  used  for  detecting  very  minute  differences  of  tempera- 
ture. A  good  instrument  will  readily  detect,  by  the  deflection  of  the 
needle,  a  difference  of  temperatui^e  of  a  hundredth  part  of  a  degree. 


ACTION   OF    ELECTRO-MAGNETS    UPON    DIFFERENT    BODIES. 

18.  All  bodies  which  are  capable  of  being  magnetized  are 
called  magnetic  bodies ;  but  Faraday  has  recently  shown  that 
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z  iLZ'.ii- 'It  "'  *  :'^  iiiS-jreii:  irazL  'ixir  zuLgneiic  ;  those  bodies 
U--  -^A^i:  -  .  ;-i#i:'r»'"  Tiuj  "lilt  ^izxM  of  s  cAiidle  under* 
rr  ,-j  L  T^-  :  .JM'  Ltuii^t  wiiiiL  iiiju«  bcCweeii  the  poles  of  a 
■:»  .y  -jr-.L^  iLiiTiM^  &:iL  iipii.  vLct  mMoa  to  psss  over  the  poles 
.r  L  TTziir-.^n^  izi!35^:e!r  L  -■'.kTigs  of  psi^azicj ;  aod  60  on  to 


1;.-t:ci  h  zisi  iLZfT'-L^  Tztst^  cfi:«rs  LTE  ZL  a:^  "WAT  modified  by  the 
i.,j  =1.-?  .T  ^.iii  tCju-s  :f  :r:irr::rc::i  :c  ibr  carcci  &am  the  magncti 
Tru?  pilacii.c:?  -f  ill:  r:=>2ir.  =jt  ig  jr:ca«»i  ry  mh.  cpcratar  in  Bos- 
-  r-  di  "i^Ji  s::!  uiizir  »-^  T'-^-cTj-iai  .1:  li*  =i*ri?isii  xnay  take  place 
tc  >'='w  -Tji-.i::^  tTT^jii-i   "r  -r  -•>  r»  ^  7^;  '^^.i:^  K^  eom»eeted  by  a 

y.-v  J  -^::  i_rr-.!=_TT  £  1  ..-fr  ttI.:^  i*  ir:a:V*i  to  tkeTibrating 
tr:L-t--r-:  .jL:r7  i  3-:-:  .1  v.:_.l  ;c-;-*;oi  .:*:-  TttT^r.  when  tlie  lerer  is 
ir-'c-i  -.--Lrij  -^.  tl:*.-:r:-iu^.  -  _-  ;  :;  i:  ^i.-;  sazse  tisae  the  paper  is 
rj.-:'i  "-zi::r  lif  Tt£:L'.-l  "s'-ii  1  '  ~  fen.  rurJti.'ru  a  *«'»^  iri*?  bf  tneed 
\^.x  :'..'  i'.v.v"  ■'.'  '•  ■  .-'•"■  -  '^-  Ji^-T—  -■'  "w— .—  ^^3  be  iTopoitionate 
t.  -ji-i:  .t  -Ji:  iz-tiTTil  i_r.ir  -'—  i.  "i:  '.£^:t  is  beli  ia  contact  with 
-Ja*  S--.7-  A*  il-f  .vtn:  r  :-  I>.>f-i  rir.  r^sr-lirf  tiis  iaterral  at  will, 
^  crr.Tr  IL- ,:  z'l.i  !;»  :f  :i=  ilx'rrl:  "jrr-:-:.  ri^kin^  that  cczient  act 
r.r  a  *i.r:  nitTTil  if  Lf  d-jsrs  t:  rusif  &  <b:?:  line  upon  the  paper,  Ibr 
a  l:z.z  i=.:-:rril  if  he  c^»irv  z^-  nik.-;  i  I-.;i^  liz-:.  ani  fcr  an  tn«tant  if  he 
c->>7  ::■  —ik-s  n-rr-.ly  1  o.:.  1:  ttZ  V*  -j^iers>xl  heir  he  can  at  will 
dirk  a  ^hitz  cf  rir»JT  a:  N-.^  '^rlrir-*  ^liih  anv  dcRZtd  5uccC9B<m  of 
iins*  -if  virl-us  l-:-rth^  cr  .:f  d::.*.  ar.i  bc-w  he  nay  combine  theee  in 
azy  way  h--  siiv  n2.d  r«iiu^Ie  to  hi*  p-.apoee, 


mocse's    TELEGRATH. 

20.  This  apparatus  which  i$  applied  on  on  extensive  scale  in  Amer- 
ica, and  with  some  &li:;ht  modincations  in  Germany,  is  constructed  upon 
the  principle  ja*t  explained. 

A  Rciicrfkl  view  of  the  instrumcot  in  its  most  usxul  fbnn  is  given  in 
the  ibUoK-ing  figure. 


^^ 
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Fig.  110. 


II  ii  dw  dcetio-inagiKt  i  Hia  an  tunutnTe-wDrkingon  the  centre  e; 
<  is  an  adjusting  tctew,  to  limit  the  plaj  of  theMutme  and  preroit  its 
contact  with  Ihedcctro-inaKaEt  at  ji;  li  is  another  adjusting  bcicit,  to  limit 
its  [Jiaiy  in  the  other  diiection ;  (  a  metalhc  st^le,  which  moiks  b?  pn»- 
sdn;  «  bend  or  ribboD  of  paper  drawn  from  the  roll  K,  and  canted  between 
the  rollcra  o  and  o' ;  P  the  ribbon  of  paper  discharged  from  the  rollen 
0  t/  after  bang  impressed  bj  t  with  the  tdegrapluo  charactcra  ;  I,  b,  ttc, 
clockwork  fiom  which  the  iDllera  o  o'  receive  their  motion,  by  which 
inotioD  the  ribbon  of  paper  Is  drawn  fivm  the  roll  B; /the  spring  which 
draws  the  arm  H  of  the  electro-magnot  from  the  armature  {  S  S  the 
upright  piece*  aiqiporting' the  clockwerki  BB  the  base  supporting  the 
inttrumcnt;  D  tfaa  key  conmiutalor,  by  which  the  current  transmitted 
•kmg  the  line  wire  is  altcmately  transmitted  and  subtended;  mn,m'n', 
irires  by  which  the  coil  of  the  electro-magnet  and  the  poles  of  the  Ma- 
lion  batlffy  ai«  put  in  connection  with  the  line  wires. 

The  fidlowing  are  the  telegraphic  cbaracten  adopted  by  Fn^esaor 
W^nf"  fixT  the  T^npjiifti  language :  — 

A-—  J S-.- 

B K T  — 

C L U 


DAIK  B   ELECTBO-CHEXICIL  TKLEQBAFH. 

21.  The  ektmieal  properties  of  tbe  electric  cniient  am  be  nu 
■upplj  the  means  of  transmitting  dgnals  between  two  distant  Its 
When  a  current  of  adequate  intensit;  is  made  to  paoi  thnnigli  o 
impounds,  it  is  found  that  then  are  liecompoied,  one  of 
ta  bdng  carried  away  in  the  directiiHi  of  the  ciunnt,  ■> 
other  in  the  ccmtiary  direction. 

Of  the  tanoM  of  tdcgreph  in  which  this  prine^ile  it  btooght  into 
the  oaiy  toe  which  has  been  piacticaUj  applied  cm 
b  that  by  Mi.  AWandy  Bain. 


lV)undeMtandthisinitramant,lct  usiupposeadieet  of  writing  pqxr 
ta  be  wet  wUb  a  Mlution  of  jniMiate  of  potash,  to  which  a  little  nitrio 
nd  h7dK».^ikric  acid  have  been  added.    Let  a  metallie  deA  be  pt>- 
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rided  oanaponffing  in  mie  with  the  iheet  of  paper,  and  let  tlui  desk  be 
pat  in  cammimication  -with  a  galvanic  batteiy  so  as  to  fbim  iu  negative 
pola.  Let  ■  piece  of  (ted  or  copper  wire,  forming  a  pen,  be  put  in  con- 
nection wilii  the  mne  battery  n  as  to  fbrm  its  podtire  pole.  Let  the 
ihert  of  moiitened  paper  be  now  laid  tipon  the  metallic  dtsk,  and  let 
Ihe  iteel  ot  copper  pcnat  which  forms  the  poutive  pole  of  the  batterr  be 
brought  into  contact  with  it.  llie  galvanic  drcle  being  thus  completed, 
tho  cuirent  will  be  eat^ilished,  the  solution  with  which  the  paper  is  wet 
trill  be  deoomposcd  at  the  ptunt  of  contact,  and  a  blue  or  brown  spot  will 
appear.  If  the  pen  be  now  moved  upon  the  paper,  the  continuous  luc- 
Macion  of  ipotiwiU  form  a  blue  or  brown  line;  and  the  pea  being  moved 
in  any  manner  npon  the  paper,  characteti  may  be  thus  written  upon  it, 
n  it  woe,  in  blue  or  brown  ink. 

By  means  of  wheelwortc,  the  metallic  desk  is  made  to  revolve  round 
Eta  coitre  in  its  own  plane,  while  the  style  receives  a  slow  motion  directed 
&om  the  centre  of  the  tUak  towsrds  its  edge.  In  this  way  the  style 
traces  a  spinl  cojve  upon  the  paper,  winding  round  it  continually,  and 
st  the  Sfune  time  retiring  constantly  but  slowly  from  its  centre  towards 
lis  edge.  It  will  be  evident,  without  further  explanation,  that  cbarac- 
len  may  thus  he  jnoduced  on  the  prepared  paper  corresponding  to  those 
of  the  telegraphic  alphabet  already  described  in  Morse's  Telegraph. 
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354    NATURAL  AND  EXPEBIVENTAL  PHILOSOPHY. 

22.  This  apparatus,  which  is  in  extcnsivo  use  in  the  United  States  ii 
a  priutiiig  telegraph  —  that  i«,  an  instrument  which  prints  in  the  gnb- 
fiary  Utters  the  detipatch  at  the  station  to  which  it  is  addresbed,  hjmcm 
of  a  power  worked  at  the  station  firom  which  it  is  transmitted.  It  eoi^ 
sists  of  two  distinct  parts  —  a  commutating  apparatus,  to  govern  the 
trunsmistdon  of  the  current,  and  a  printing  iqppaxatua,  upon  which  tha 
cuiTCut  operates. 

llie  transmission  of  the  current  is  controlled  by  the  keys  of  the  finger 
board.  The  M'hecl  that  produces  by  its  revolution  the  pulsations  of  the 
current  is  moved  by  the  foot  of  the  opcrotor  acting  upon  a  trcddle.  The 
rotation  of  this  wheel  is  arrested  at  the  point  corresponding  to  any  deored 
letter,  by  putting  do^Ti  with  the  finger  the  key  upon  which  that  letter 
is  engraved. 

23.  Mr.  Bernstein,  of  Berlin,  has  invented  a  modification  of  the  dec^ 
trie  telegraph,  which  promises  to  extend  the  advantages  of  that  wia»ii^n» 
in  a  remarkable  manner,  llic  peculiarity  of  the  inyention  is,  that  by 
one  wire  two  different  messages  can  be  sent  in  the  same  or  in  opposiu 
directions  at  one  time.  Experiments  were  made  in  London  with  the 
new  machine,  and  they  are  said  to  have  fully  established  its  powers 

TELEGRAPH  LINES  IN  THE  L^NITED  STATES. 

24.  Owing  to  the  rapid  progress  and  imrcstrictcd  freedom  of  enter- 
prise in  the  United  States,  a  great  number  of  independent  companies 
liave  been  formed,  by  which  the  vast  territory  from  the  Atlantic  Ocean 
to  the  Mississippi,  and  from  the  (iulf  of  Mexico  to  the  frontiers  of  Can- 
ada, is  overspread  with  a  nct^'ork  of  ynrca,  upon  which  intelligence  of 
O'cry  description,  and  pexsonal  and  commercial  coircspondence,  are  flow- 
ing night  and  day,  incessantly,  from  year  to  year,  in  a  tozrent  of  which 
the  old  continents  oiFer  no  similar  example. 

Tlie  American  lines  arc  genernlly  classified  according  to  the  tclegnph 
instruments  with  which  they  work.  These  are  those  of  Morse,  Hoik 
and  Bain ;  all  of  which  transmit  despatches  by  means  of  a  single  con- 
ducting wire,  and  all  of  which  iiTite  or  lyr'mt  the  despatches  they  tr«n»- 
mit — those  of  Moise  and  Bain  in  a  telegraphic  cipher,  and  that  of  House 
in  the  common  lloman  capitals. 

Of  these  tlirec  syhtems,  that  of  Morse  is  in  the  most  genoral  use  —  a 
circumstance  which  is  partly  explained  by  the  fact  that  it  was  the  ear- 
liest adopted,  and  had  established  its  ground  long  befine  either  of  the 
competing  s}'stems.  It  must  be  admitted  that,  so  fiir  as  public  opinion 
and  favor  can  be  accepted  as  a  test  of  practical  excellence^  the  system  of 
Morse  has  received  not  only  a  large  majority  of  patronage  in  the  United 
State^  but  also  in  the  northern  and  eastern  states  of  Europe.  In  1864, 
the  total  extent  of  tdcgra^^  \nx<^  ^X»sim.c(^SQ»»kA.  Va.\3BftlIiutfid8titfli 
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above  40,000  miles ;  of  which  Morse's  had  36,972  miles,  House's 
^50  miles,  and  Bain's  670  miles. 

The  most  distant  points  connected  by  electric  telegraph  in  North 
America  are  Qud)ec  and  New  Orleans,  which  are  3000  miles  apart ;  and 
two  aeparate  fines  connect  New  York  with  New  Orleans,  —  one  running 
aloDg  the  seaboard,  the  other  by  way  of  the  Mississippi,  —  each  about 
2000  miles  long.  Messages  have  been  transmifted  from  New  York  to 
New  QrkanSv  and  the  answers  received,  in  the  space  of  three  hours, 
though  they  had  necessarily  to  be  written  several  times  in  the  course  of 


The  elactric  telegraph  is  used  by  all  daases  of  society  as  an  ordinary 
method  of  transmitting  intelligence. 

Gkyreinment  despatches,  and  messages  involving  the  life  or  death  of 
any  pasona,  are  entitled  to  precedence ;  next  come  important  press  com- 
munifntifms;  but  the  latter,  if  not  of  extraordinary  interest,  await  their 
Tegular  torn* 

Intpiuptiaint  occur  moA  frequently  from  the  interference  of  atmos- 
pheric alectrioity ;  in  summsr,  they  are  estimated  to  take  places  on  an 
averageb  twice  a  week«  Other  accidental  causes  of  interruption  occur 
irregularly,  from  the  &lling  of  the  poles,  the  breaking  of  wires  by  fall- 
ing trees,  and,  particularly  in  winter,  from  the  accumulated  weight  of 
snow  or  ice. 

The  electric  current  is  made  to  act  thro\igh  long  distances  by  using 
local  and  branch  circuits  and  relay  magnets,  in  those  systems  where  it 
would  be  otherwise  too  weak  to  operate  effectually. 

No  adaptation  of  the  system  can  be  more  interesting  and  useful  than 
that  which  is  made  for  the  purpose  of  conveying  signals  of  alarm  and 
intelligence  in  the  case  of  fire.  This  has  been  completely  developed  in 
Beaton.  The  city  is  divided  into  seven  districts,  each  provided  with  a 
powerful  alarm  bell.  Every  district  contains  several  stations ;  there  are 
altogether  in  the  seven  districts  forty-two  stations,  all  of  which  arc  con- 
nected with  a  diief  central  ofiice,  to  which  intelligence  of  fire  is  con- 
veyed, and  from  which  the  alarm  is  given. 

At  each  of  the  stations  there  is  erected,  in  some  conspicuous  position, 
a  cast-iron  box  containing  the  apparatus  for  conveying  intelligence  to 
the  central  office ;  and  by  striking  the  signal  bcU  a  certain  nmnber  of 
times,  the  district  and  station  frtnn  which  the  signal  is  made  are  indi- 
cated. An  attendant  is  always  on  the  watch  at  the  central  office ;  and 
when  his  attention  is  called  to  the  signals  by  the  striking  of  a  large  call 
bell,  he  immediately  sets  in  motion  his  alarm  apparatus,  and,  by  depress- 
ing his  telegraph  key,  causes  all  the  alarm  bells  of  the  seven  districts  to 
toll  aa  many  times  in  quick  succession  as  will  indicate  the  district  where 
the  fixe  has  oocuxred  —  the  alarm  being  repeated,  at  short  intervals,  as 
long  at  BUj  be  neoeaiBry. 


ASTRONOMY. 


OBJECTS  OF  ASTRONO>ry.— GENERAL  VIEW  OP  THE 

HEAVENa 

1.  AsTRONOMTis  that  science  which  treats  of  the  beannlf 
bodies  —  the  sun,  the  moon,  and  the  stars. 


i 


THE  STABS. 


2.  When  we  look  at  the  heavens,  on  a  dear  night,  they 
appear  to  us  like  a  vast  dome,  or  concave  hemisphere,  in 
which  the  stars  shine  like  so  many  brilliant  gems  of  light 


HO- 


fl^   *    # 


Fig.  1.    The  StaiB. 


The  point  directly  over  our  heads  is  called  the  mnAA,  and 
the  line  where  the  sky  and  the  earth  appear  to  meet  fa  eaOad 
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rizon.  The  ncuttr  is  that  point  in  the  heavens  which 
»aite  to  the  zenith ;  that  is,  it  lies  directly  below  oar  feet. 

in  Fig.  1,  let  c  n  0  «  represent  the  earth,  and  c  the  place  of  a 
ooking  at  the  stars;  then  Z  is  his  zenith,  D  his  nadir,  and  H  R 
xon ;  H  Z  R  is  the  hemisphere,  or  half  sphere,  of  stan  which 
)le  to  him,  and  H  D  R  the  opposite  hemisphere,  which  would  be 

0  a  BpectaXot  at  0  on  the  opposite  side  of  the  earth. 

:he  daytime  we  do  not  see  the  stars  on  account  of  the 
>r  light  of  the  sun ;  just  in  the  same  way  as  we  should 
s  the  flame  of  a  candle,  at  the  distance  of  a  few  hun- 
ards  from  us,  when  the  sun  is  shining ;  but  with  a  tel- 
the  stars  can  be  seen  at  any  time  of  the  day. 

CARDINAL  POINTS. 

[n  the  northern  hemisphere,  if  you  look  towards  the  sun 
1,  your  face  is  directed  to  the  south ;  your  back  is  to- 
the  north  ;  the  east  is  on  your  left  hand ;  and  the  west 
our  right.  These  four  points  in  the  horizon  are  called 
rdtncU  points.  Your  shadow  at  noon  is  shorter  than 
any  other  time  of  the  day,  because  the  sun  has  then 
;d  his  greatest  elevation  above  the  horizon.  The  sun 
>wards  the  east,  and  sets  towards  the  west.    At  noon 

1  is  said  to  be  on  the  meridian ;  and  the  time  which 
\  between  his  leaving  the  meridian  and  returning  to  it 
Is  called  a  solar  day. 

DIURNAL  MOTION  OP  THE   HEAVENS. 

[f  we  look  attentively  at  the  stars,  on  a  cloudless  night, 
dl  see  one  star  after  another  apparently  rising  above  our 
d  in  the  east,  and  star  after  star  setting^  or  sinking  be« 
our  horizon  in  the  west.  A  little  further  observation  will 
IS  that  the  whole  visible  heavens  appear  to  turn  from  east 
t  about  a  certain  little  star,  considerably  elevated,  called 
lor  $tar  ;  and  that  a  complete  revolution  is  made  in  the 
of  every  day.  Now,  this  apparent  motion  of  the 
di,  as  we  shall  afterwards  see;  is  really  produced  by  the 
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revolution  or  turning  of  the  earth  firom  west  to  east,  roand  a 
lino  or  axis,  which  we  may  conceive  to  be  drawn  through  the 
centre  of  the  earth  and  the  polar  star*     This  is  called  tie 
diurnal  motion  of  the  heavens,  because  it  is  peifermed  ia  tlie 
course  of  a  day. 

In  Fig.  1,  N  represents  the  north  polar  star,  N  S  the  line  round  wliich 
the  heavens  appear  to  turn,  or  the  line  round  which  the  earth  leaDy 
turns. 

MAGNITUDE   OP  THE   STARS. 

5.  In  a  clear  night  about  two  thousand  stars  may  be  seen 
with  the  naked  eye,  but  with  a  small  telescope  many  millions 
may  bo  observed.  The  stars  appear  to  us  of  different  sizea 
and  degrees  of  brightness ;  the  largest  and  brightest  are  said 
to  be  ot*  tlic  first  magnitude ;  the  next  in  order  of  the  second 
magnitude ;  and  so  on  to  the  sixth  magnitude,  wliich  com- 
prises those  very  small  stars  which  are  just  visible  to  tiie 
naked  eye.  There  arc  only  nine  stars  of  the  first  magnitude 
in  our  hemisphere,  and  twelve  in  the  southern,  or  opposite 
hemisphere.  There  are  about  fifty  of  the  second  magnitude, 
visible  to  us,  and  not  less  than  one  hundred  and  twenty  of  the 
tliird  magnitude. 

FIXED   STARS   AND   PLANETS. 

0.  Nearly  all  tlie  stars  which  we  see  are  fixed ;  that  is  to 
say,  tliey  do  not  change  their  distances  from  one  another,  but 
always  present  the  same  outline  of  form.  Some  of  the  stars, 
however,  do  not  always  remain  in  the  same  place,  bat  move 
an)ong  the  Jlxed  stars :  these  stars  are  called  j^/anetf. 

The  fixed  stars  are  also  distinguished  from  the  planets  by 
having  a  more  twinkling  sort  of  light ;  and  viewed  through  a 
telescope,  the  planets  look  like  little  luminous  globes,  while 
tlie  stars  simply  appear  like  brilliant  points  of  light  without 
any  appreciable  size. 


1 

« 
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CONSTELLATIONS. 


7.  The  AocieBt  alMronomers,  Tor  tbe  convenience  of  refer- 
ence, farmed  the  fixed  stars  into  const ellati<RiB,  or  gronpe  of 
stars,  and  represented  tbcm  hj  animals,  and  other  thingB^  to 
which  thej  imagined  the  outline  of  tbe  stara,  in  each  group, 
had  some  resemblance.  The  most  striking  of  thfe  constella- 
tions is  that  of  the  Great  Bear,  which  is  commonly  known  by 
tbe  name  of  Charltt't  Wain,  or  wagon.     Sulors  call  it  the 

The  Ibnn  of  tHa  cooitella&ni  U  shown  in  Fig.  2,  where  tbe  fbnr  Oaa 
abedaze  ioppOMd  to  repraait  the  body  of  the  dipper,  and  the  remain- 
Eag  thiee  the  handle.  The  two  utan  b  a  aie  caUeA  the  ponien ;  forif  a 
llnebedimwn  thnnghdieniit  will  Tery  nesrlj  poiat  to  the  polar  «U  N. 


Fi'g.  2.     Conrtellation  of  the  Great  Bear. 


If  a  line  be  drawn  fiom  the  star  e,  leaving  v  a  little  to  the  left,  it  will 
paaa  through  a  very  brilliant  star  A,  called  Arctumt,  which  ia  the  (sin- 
d{al  atar  in  the  eoii«tdhitlan  of  BoO'tti. 

Hie  names  of  the  difierent  constellatioas  maj  be  readily 
acquired  hy  looking  at  a  celeatial  globe,  which  is  constmcted 
to  represent  tbe  aspect  of  the  heavens.  These  constellations 
always  present  the  same  appearance ;  the  hoaiy-headed  man, 
tottering  on  his  grave,  aa  be  takes,  it  may  he,  a  last  look  at 
Charles's  Wain,  well  remembers  that  it  presented  the  same 
aspect  when  he  first  gazed  upon  it  in  tbe  joyous  days  of  bis 
childhood. 


I    EXPERIMCKTAL   FII1I.O&OPHT. 


SIGNS    OF  THE    ZODIAC. THE   ECLIPTIC. 

8.  There  is  a  remarkable  class  of  cohslellations,  extending 
round  the  heavens,  like  a  band  or  bell,  in  which  the  pluien 
always  appear  to  move ;  this  belt  of  stars  contains  twelve 
ccHUilellations,  which  are  called  tJie  signs  of  the  zodiac, 
Bun  also  f^pears  to  us  to  make  a  complele  revolution  in  the 
heavens,  in  the  course  of  a  year,  through  the  different  eoa- 
stellations  of  the  zodiac.  This  apparent  path  of  the  sun  in 
,  the  heayeas  is  called  the  ecHptic  ;  the  coDstcllations  of  the 
zodiac,  therefore,  mark  out  the  ecUptic  in  the  heavens.  The 
term  zodiac  means  animal,  and  this  apparent  path  of  the  mi 
was,  no  doubt,  bo  called  on  account  of  the  names  ^ven  to  the 
various  constellations  composing  it  The  zodiac  ia  dtvided 
into  twelve  signs,  to  correspond  to  the  twelve  months  of  the 
year.  The  following  table  gives  the  names  of  the  signs  of 
the  zodiac,  with  the  marks  or  symbols  which  are  put  for  them. 

Noma  of  the  Sigtu  0/  the  Zodiac. 

Lifara  .  .  tht  Balanu. 
Scorpio  .  Me  Scorpion 
Sagittarius  Ote  Arehrr  . 
CapricomuB  the  Ocat 
AquariuB  .  Iho  Wafurtn 
¥iacea  .    .    the  Fiekf   . 

GENERAL  PBINCIPLES   OF  ASTBONOXT. 

9.  In  tbe  study  of  astronomy,  it  is  above  all  things  neces- 
sary that  we  should  reason  upon  appearances,  and  that  w« 
should  allow  the  first  rude  notions,  derived  from  the  senses,  to 
be  corrected  by  the  judgment.  Ae  these  remarks  are  essen- 
tial to  a  right  appreciation  of  our  methods  of  exposi^on,  it 
will  be  instructive  (o  eluddate  them  by  taking  one  or  two 
familiar  cases. 

The  CTOB  at  the  top  of  St.  Paul'i  cathedral  apptan  to  m  not  kmgs 
than  a  walking  atick,  whoena  its  length  ia  r«atty  gtesto  than  the  elen- 


Aiiee   . 

.    tht  Ham      . 

Taurus 

IheBuB.    . 

Genuni 

.     the  T^int    . 

Cancer. 

.    the  Crab     . 

Leo.    . 

.    the  Lion.    . 

Viip,  . 

.    the  Virgin  . 
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tion  of  an  urinary  house.  Here,  by  talung  into  iccount  the  diatuice 
of  the  cms  &Dm  us,  we  aie  obla  to  assign  a,  reason  for  its  apparent 
■malliuas.  In  preoseljr  the  ume  way,  the  moon  appears  to  us  sctrccly 
luger  than  a  man's  face ;  but  irhen  we  consider  that  it  is  msnf 
thousands  of  miles  fiom  us,  we  should  be  prepared  for  adopting  the  fact 
that  it  is  a  world  not  much  smaller  than  the  earth  on  which  we  lire. 
In  like  manner,  we  should  be  led  to  expect  that  the  planets,  which, 
owiDg  to'their  still  greater  distances  from  us,  appear  like  little  balli  cf 
li^t,  are  in  reality  vast  globes,  many  of  which  ue  considerably  larger 
tlku  our  earth. 

When  we  are  moving  in  a  railway  carriage,  wo  should  fiom  appcar- 
wuei  beliere,  if  our  reason  did  not  correct  this  belief,  that  the  bousM 
■nd  tnta  were  moting,  uid  that  we  were  sitting  still.  In  like  manneri 
w«  (hould  he  prepared  to  qu(Btiafi  the  truth  of  the  first  impreoion  at 
oar  senses,  when  we  are  led  to  iraaginc  thst  the  whole  of  the  hearcms 
turn  round  us  in  ercry  twenty-four  hours,  and  to  ask  ourselves,  "  Is  it 
not  mere  rational  to  suppose  that  thui  apparent  motion  is  produced  by 
the  actual  rotation  of  our  earth  itsdf  ^"  The  science  of  astronomy  has 
vtaUished  many  principles  which  are  at  variance  with  the  first  rude 
BotkinB  derived  from  mere  appearances  :  the  following  gcnfral  principlea 
daerrc  especial  attention :  — 

Our  earlh  has  tlie  form  of  a  globe  ;  it  turns  or  spins  round 
upon  its  axis  every  twenly-four  hours,  and  thus  gives  rise  to 
the  apparent  diumol  or  daily  motion  of  the  Leavens  ;  it  also 

, moves  round  tlic  eun,  in  the  course  of  a  year,  which  occa- 
•ions  the  apparent  motion  of  the  sun  in  the  ecliptic.  The 
planets  arc  worlds  like  our  own  ;  and  they,  together  with  our 
earth,  revolve  round  the  sun  au  the  common  centre  of  attrac- 
tion, in  different  paths  or  orbits  ;  they  also  deriTc  their  light 
and  heat  from  it.     Tlie  sun,  with  all  the  planetary  bodies 

"  which  move  round  it  as  a  centre,  is  called  the  lolar  it/stem. 

'  The  fixed  stars,  which  are  at  immense  distances  from  ns,  are 
Siiiu,  with  their  respective  systems  of  unseen  worlds  revolving 

"round  them,  probably  similar  to  the  solar  system. 
31 


MA.TCIUJ.  AMD  EZP^UnXTAI.  PHILOSOPHT. 


SOUR  SYSTEM. 

10.  The  Bolar  system  consiaU  of  the  sun,  in  the  centre, 
round  which  all  the  planetary  bodies  revolve. 

The  leading  planets  move  round  the  sun  from  west  to  east, 
in  nearly  rircular  orbits  or  paths,  lying  nearly  in  the  same  ' 
plane,  or  flat  sur&ce,  that  is,  in  the  plane  of  the  ecliptic  and 


Fig.  3.    Solar  Syttem. 


rotate,  or  spin  round  on  their  axes,  in  the  some  direction. 
Some  of  the  planets  have  moons  or  satellites  revolving  round 
them.  The  names  of  tlie  planet^  in  the  order  of  their  dis- 
tances from  the  sun,  are  Mf.rcubt,  Yencs,  the  Eabtq,  Uabs, 
Jupiter,  Satosk,  Ubancs,  and  Neptune  ;  together  with 
fimy-faur  small  planets  called  AfiTEBOiDS,  or  little  stars,  which 
move  in  orbits  lying  tvetweea  Mars  and  Jupiter.    Tbmb  am 
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called prtmory  planets;  there  are  also  20  moonB  or  Balellites, 
which  are  called  teeondari/  planeti,  because  they  reTolre  round 
their  respective  primaries  in  the  same  manner  aa  the  latter 
revolve  ronnd  the  sun.  The  moon  ia  the-  satellite  to  the 
earth;  ft  completes  a  rerolulioa  round  the  earth  in  the 
conrse  of  ererr  lunar  month.  Jupiter  has  four  satellite^ 
Saturn  eight,  Uranus  six,  and  Neptune  one.  Besides  these, 
there  is  another  order  of  bodies,  which  revolve  round  the  sun 
odied  comett ;  they  have  blazing  traik,  and  move  in  very 
eccentric  orbits. 

The  Bolai  rjUem,  as  juat  dcacnbed,  was  Snt  taught  by  PytbagoiBB, 
an  eminimt  Gnek  philoacpber,  who  lived  about  GOO  yean  before  tho 
time  of  Chiut.  But  it  was  soon  after  disrcgaidcd,  and  vaiioua  false  sys- 
tcma  were  taught  in  its  place,  until  about  300  yeora  ago,  when  Coper- 
nlcua  Terived  the  true  syatetn  which  had  been  discDvcicd  by  the  great 
Pythagoras. 

The  planets,  with  the  other  bodies  compotung  the  solar  Byslcm,  will  be 
more  fully  dcxcribed  after  we  have  canudeied  the  difTcrcnt  motions,  &c., 
of  the  earth  and  the  moon. 


THE  EAUTH  ANT)  ITS  MOTION. 

FORU  AND   SIZE   OP  THE   EARTH. 

11.  The  earth  has  the  form  of  a  globe;  that  is,  it  is  like 


Ptf.  i.    The  Enth  in  Spvc 
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1  :ci_ 
j:  ▼rrTiE 

I:   I  ^ 


.l        .K 


L=r*T.     Pii«  :*  proTed  by  Tarions  facts;  the  fcl- 
LT:  i"' --  ^  -"^^^  "'^^  nios^  simple. 

.tI  Tjocd  the  earth. 


f.tr 


X15  'j^  Z 


=n£  senenl  directum,  either  casmuJ 
irr.T-r  i:  :iie  sa=:e  plac€  from  tchich  she  set  ouL 
d  -=.'xu=.isd  plair..  or  flat  sor&ce,  the  farther 
£?  ^  vri^  z«.:t  from  the  poiot  of  departure. 
jz=.7  thir  sailM  round  the  'vrorld,  but  Colimi- 


2S  1  zrfa:  rl':c 


r  C12S  of  DuttcT,  nithont  any  fixed 
z.i  inrcUers  haTe  croand  it  in  all 
s"  been  seen. 

f  as  she  leaves  the  shore. 

:t!f  distance,  a  portion  of  the  hull 

.  the  hull  25  loet  to  the  sight ; 

it:  unta  at  length,  only  the 


::^sa: 

i:  a' 


iiT^-ir 


5-  -   =.     ?..t:jii.rr  J  Rcundnesi  of  the  Earth. 

.-.  c.  **  »-^  <^-  r  •>:  '  -^z-^.  .T  tb?  line  where  the  earth  and  ekr 
3.:  -  wf  :?:•»  iso^nd  a  hiih  tower,  we  should  get 
^  ici-r-     >':w.  iz  Ox  earth  were  a  flat  surface,  we  should 
u  i:^  11  z^r*  "^'  : — >  tias  we  see  the  tqpeails. 


A."*  l^   !*tV 


jf  iTTrai^  of  a  circular  shape. 


TSf  --.*■-«•.*  'i  :r  r.~t:z  r^ew  s  <nch.  that  a  man  six  feet  high,  itanding 
•i^-tr  '  jc  ^"^  ^T?.  w^r-i^-i  «ee  a  ^t*>  boat  whoi  its  distance  from  him 
i,.x>  tc«  f  v.-wd  -.irw  ~'-^ :  >ct  if  be  wae  ekrated  twenty-fiior  fret, 
i^if  xw:  w.Oi  ^  Kcn  a:  :be  «ii«taace  of  six  milcB:  and  if  he  woe 
f^i.-*-trAi  i*To".xr  fet.  -.be  b»:  wcu:d  be  seen  at  the  diitanee  of  twinty- 
!<-«vi  ?7JcjL .  i^i.  AT  .^ ;  thf  distance  at  which  the  boat  wnuld  be  aeen 
■  -v ...'w^^^  «— ^  tS:  fi^rrahcc  of  the  chnrrer.  Is  all  these  caaci,  the 
i&«.  *  ^-xw  «i  xx=v»£  W  a  .-wtfciir  kjrisom.  Now,  there  ia  no  bodylmt 
a  cl^  tla:  wvll  a^waif  Cfea?  of  a  dxcolar  shi^  wfaoi  Tiewied  at  dif* 
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Fig.  8.    A  Olobe  always  appean  round. 

At  whatera  diitance  I  look  at  thu  little  globe,  it  almy*  ^pean  to 
lune  a  drcular  ihape ;  and  moreorer,  the  brtlier  it  i*  lanored  from  mjr 
ej%  the  Bicato' ii  the  extent  of  nuface  that  Iiee.  Hi.  Qieen,whaibB 
goes  Dp  with  his  balloon,  will  uo  more  of  the  earth'!  nr&ce  than  we 
can,  even  though  we  ahould  be  on  the  top  of  Bichmond  TTill ;  and  what- 
erer  may  be  his  hdght  above  the  eattb's  nuCluie,  he  wiU  alwaya  find  lliat 
it  pMaent*  a  drcular  ihape.  When  he  has  attained  his  greatest  deva- 
tioo,  the  largort  hills  and  trees  will  appear  to  him  just  like  the  littla 
inegulaiiliea  which  we  seo  upon  the  sutftce  of  an  orange. 


Fig.  7.    The  Earth  always  appean  round. 


THE  DIAMETER   ( 


'  THE    EABTH. 


12.  The  diam«ter,ot  line  passing  through  the  centre  or  the 
earth,  is  about  8000  roiled ;  and  aa  the  length  of  a  line  going 
ronod  a  circle  is  a  little  more  than  three  limes  the  diameter, 
it  follows  that  the  length  of  a  line  going  round  the  earth,  or 
the  eireumfermc^  is  about  25,000  miles.  A  railway  train, 
moving  with  the  speed  of  iiO  miles  per  hour,  would  go  round 
the  earth  in  about  500  hours,  or  about  three  weeks,  supposiug 
there  were  no  obstruclions  to  the  motion.  This  will  give  us 
aome  idea  of  the  great  size  of  the  earth. 
31" 
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DIURNAL   HOTION   OF  THE   EARTH. 

13.  The  earth  has  two  motions  —  a  diurnal  or  dailj  mo- 
tion upon  its  axis,  and  an  annual  or  yearly  motion  ronnd  the  • 
'sun ;  that  is,  it  turns  round  like  a  spinning  top,  and  at  the 

same  time  moves  round  the  sun. 

14.  CavAe  of  Day  and  Night.  —  The  spinning  motion,  or 
revolution  of  the  earth  upon  its  axis,  is  the  cause  of  day  and 
night.  When  the  sun  shines  upon  our  side  of  the  earth,  it  id 
day  with  us,  and  when  he  shines  on  the  opposite  side,  it  is 
night  with  us. 

If  you  hold  a  globe  or  orange  before  a  candle,  one  half  of  the  globe 
-will  be  enlightened,  and  the  other  half  will  be  in  the  shade ;  and  if  the 
globe  be  turned  round,  c\'cry  portion  iRill  be  successively  brought  within 
the  light  of  the  candle.  The  line  0/,  separating  the  light  and  shade,  u 
called  the  circle  of  iUuminatUm.  Let  us  suppose  a  little  fly  to  be  fixed 
on  this  glolxi ;  tlicn,  throughout  one  half  of  the  revolution,  the  creature 
will  lx»  in  the  shade,  and  throughout  the  otlier  half,  the  creature  will  be 
in  tlie  light.  ^Mlcn  the  fly  comes  on  the  circle  of  illumination,  it  will 
then  just  begin  to  see  the  candle ;  and  when  it  is  passing  out  of  the 
circle  of  illumination,  on  the  other  side,  the  candle  will  just  be  disi^ 

>^1^  1^ ^ 


Fig,  8.    Light  and  Shade. 


peering  tcr  it ;  but  when  it  is  in  the  middle  of  these  two  points,  the  can- 
dle will  shine  directly  or  perpendicularly  over  it,  and  here  it  will  enjoy 
the  greatest  amoimt  of  light  and  heat  from  the  candle.  80  it  is  with 
our  earth ;  the  sun  enlightens  one  half  of  the  earth  at  one  time,  the  other 
half  being  in  darkness.  When  a  place  just  comes  within  the  cixx:le  of 
iUuminatioH,  the  sun  then  begins  to  shine  or  rise  to  that  place ;  and  on 
the  contrary,  when  the  place  is  just  going  out  of  A  circle  of  illumina- 
tion, the  sun  will  be  disapixnring  or  setting  to  that  place ;  and  midway 
between  these  two  hnes  of  illumination,  the  sim  will  shine  directly  over, 
or  perpendicularly  over  the  place,  and  then  it  will  be  noon  to  that 
place. 
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Xow,  if  the  earth  woe  standing  still,  one  half  of  it  would  hare  per« 
pctual  day,  and  the  other  half  would  have  perpetual  night*  But  in 
order  that  the  whole,  or  nearly  the  whole,  of  the  earth  may  be  habitable^ 
it  18  ordained  by  our  good  and  all- wise  Crcatorj  that  the  earth  should 
turn  round  once  every  natural  day,  so  that  every  portion  might  enjoy,  in 
sucocssian,  the  ligiht  and  heat  of  the  sun.  This  motion  of  the  earth  ii 
called  the  diurnal  or  daily  motion. 

15.  But  how,  it  may  be  asked,  do  we  think  that  the  sun  and  stars 
move  from  cast  to  west  ?  Just  in  the  same  way  as  when  we  are  in  a 
railway  carriage  we  believe,  if  our  reason  were  not  to  correct  the  belief, 
that  the  nearest  trees  and  houses  have  a  motion  contrary  to  that  which 
we  really  have. 

In  order  to  illustrate  this  still  further:  let  b 

A  represent  an  object  capable  of  moving 
round  the  globe  £  F,  which  admits  of  turn- 
ing on  its  axis  o.  First  let  the  object  A 
move  round  the  globe  in  the  direction  of  the 
arrow  shown  in  the  figure,  while  the  globe 
itself  remains  at  rest ;  the  object  at  A  will 
appear  in  the  horizon  to  a  spectator  at  £ ; 
but  as  the  object  moves,  it  will  appear  to  the 
spectator  to  rise  higher  and  higher  above  the 
horizon,  until  it  arrives  at  B,  when  it  will 
appear  in  the  zenith,  or  directly  over  the 

head  of  the  person.  Next  let  the  globe  turn  round  on  its  axis  o,  in  a 
direction  contrary  to  that  in  which  the  object  moved,  as  shown  by  the 
arrow  in  the  figure,  while  the  object  A  stands  still ;  the  apparent  motion 
of  the  object,  as  seen  by  the  spectator  at  £,  will  be  exactly  the  same  as 
before ;  thus,  when  the  globe  begins  to  revolve;  the  object  A  will  appear 
to  the  spectator  £  to  be  in  the  horizon ;  but  as  the  globe  turns  round, 
the  object  A  will  appear  to  rise  higher  and  higher  above  the  horizon, 
until  the  spectator  has  turned  round  to  F,  when  the  ©bject  will  appear 
in  his  zenith,  or  directly  over  his  head.  Now,  if  the  globe  turned  round 
on  its  axis  without  any  jarring  motion,  or  without  any  jolting  or  shak- 
ing, as  the  earth  really  does,  so  that  our  spectator  might  be  altogether 
insensible  of  his  o^ti  motion,  then  it  is  plain  that  he  would  at  first  be- 
lieve that  the  object  had  moved  from  A  to  B,  that  is,  from  his  horizon  to 
his  zenith,  in  the  place  .of  having  Inmsclf  moved  round  with  the  globe 
from  £  to  F.  Thus  the  apparent  motion  of  the  heavens,  from  east  to 
west,  would  be  produced  by  the  actual  rotation  of  the  earth  on  its  axis 
from,  west  to  east. 


It  would  be  opposed  to  the  simplicitj  which  we  every  where 
obfierre  in  the  works  of  jGrod,  as  well  as  at  variaiice  with  the 
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knoTrn  laws  of  mechanics,  to  snppose  that  tha  Bnn,  with  many 
thousands  of  worlds,  most  of  which  are  vastly  lai^ger  than  our 
own,  should  move  round  our  globa  onee  in  every  daj,  when 
the  same  end  could  bo  served  by  our  earth  simply  taming  ba 
iis  axis.* 

LmeS    UPOtI  TBB  OLOBE. 

IG.  The  earth,  then,  makes  a  complete  revolutioa  every 
day ;  the  line  about  wliich  it  turns  is  called  the  axit  af  ikt 
tarth  ;  and  the  points  where  this  imaginary  axis  pierces  the 
earth's  surface  are  called  the  poles ;  there  are,  therefore,  two 
poles,  the  one  being  called  the  north  polt,  the  other  the 
touth  pole.  If  a  line  be  drawn  round  the  earth,  every  where 
nt  the  same  distance  from  the  two  poles,  it  will  fbnn  the 

If  jou  spin  a  globe  upon  iti  axU,  you  will  find  that  tha  Ime  wUdi  we 
call  the  equator  has  the  quickest  motkm,  and  that  tbe  pda  an  the  coly 
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The  equator,  therefore,  divides  the  earth  into  two  equal 
parts ;  the  portion  E  N  Q  is  called  the  northern  hemispherey 
or  half  sphere ;  and  the  portion  E  Q  S  is  called  the  southern 
hemisphere.* 

Circles tfipon  the  globe  are  divided  into  360  equal  parts, 
and  each  part  is  called  a  degree.  A  semicircle,  or  half  circle, 
¥rill  contain  180  degrees,  (180^.)  A  quadrant,  or  quarter 
circle,  will  contain  90  degrees,  (90^.)  The  distance  of  the 
equator  from  either  of  the  poles  will,  therefore,  contain  90^. 


LATITUDE  AND   LONGITUDE. 

17.  An  imaginary  line  drawn  over  the  surface  of  the  earth 
from  the  north  to  the  south  pole  is  called  a  mertdtan,  because, 
when  any  meridian  is  opposite  to  the  sun,  it  is  midden/,  or 
noon,  to  all  places  on  that  line.  These  circles  will  all,  evident- 
ly, lie  due  north  and  south.  Meridian  lines  are  also  called 
lines  of  longitude.  The  meridian  passing  through  Greenwich 
is  called  the  Jirst  meridian,  or  the  one  to  which  the  position 
of  all  the  others  is  referred. 

18.  The  longitude  of  a  place  is  its  distance,  in  degrees, 
east  or  west,  from  the  first  meridian.  Thus  America  has 
west  longitude,  whereas  Asia  and  Africa  have  east  longitude. 

19.  The  latitude  of  a  place  is  its  distance  from  the  equa- 
tor. All  places  in  the  northern  hemisphere  have  north  IcUi^ 
tude ;  and  on  the  contrary,  all  places  in  the  southern  hemi- 
sphere have  sovih  latitude.  Thus  a  place  midway  between 
the  equator  and  north  pole  will  have  45**  north  latitude; 
whereas  a  place  midway  between  the  equator  and  the  south 
pole  will  have  45°  south  latitude.  London,  being  514**  from 
the  equator,  has  blhP  north  latitude. 

20.  Lines  drawn  round  the  earth  parallel  to,  or  even  with, 
the  equator,  are  called  parallels  of  latitude.    These  lines  are 

*  In  giving  these  lessons,  it  is  desirable  that  the  teacher  should  be  pro- 
vided with  a  small  white  globe,  having  a  rod  passing  through  it  to  represent 
the  axis  of  the  earth,  and  having  also  all  the  essential  lines  upon  tl^e  terres- 
trial globe,  painted  in  strong  black  lilies. 
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called  small  circle),  bccniise  the^  are  less  than  the  grtat  cirda, 
or  circk-s  wlikli  divulu  the  globe  into  two  equal  parts,  like  Iha 
cqu;Uor.  T)ie  use  of  pamlleU  of  latitude  is  to  point  out 
places  that  liave  the  same  latitude  or  distance  from  the  equa- 
tor. The  latitude  of  a  place  will  obrioualy  be  measired  upon 
the  meridian  ]>assing  through  the  place. 

31.  In  Older  to  fix  tlic  exact  poritlon  of  a  place,  we  vmit  here  iti 
ilietaiicL'*  from  lifo  known  lines.  Thui  my  pomdon  in  this  loom  will  ba 
knuwn  whoii  I  tell  yuu  tliaC  I  am  twelve  feet  from  the  wall  Ut  front  of 
liir,  mill  ti'n  fctt  ftuni  tlic  wull  tu  the  tight  of  me.  So  it  ii  with  i«pect 
t»  thu  cnith ;  when  wi;  know  the  distance  of  a  place,  notth  or  nutli, 
fnmi  the  (.i[iiiitiiT,  and  at  tlic  Ksnic  time  its  diituicc.  caat  or  we*t.  liom 
the  6x*t  moridiuu,  the  position  of  that  place  I>ecome>  known.  A  moid- 
ian.  drawn  throu-th  a  jiluce,  will  cut  the  equator  in  a  cotain  pnnt,  the 
diitance  of  which  from  the  fiist  meridian,  measured  in  degrees  on  the 
i.ii>uituT,  will  give  tliu  longitude  of  the  place ;  and  the  distance  of  the 
lilnce  fniin  tlic  cqiuitor.  mtusurcd  in  degrees  upon  the  moidlan,  will  give 
the  latitude.  Thus,  if  tin-  meridian  passing  through  the  place  lica  33" 
til  tlic  ca^t  iif  the  tirst  iticridiun,  then  the  place  will  have  23°  nat  longi- 
tudc :  and  if  the  place  be  40°  north  from  the  equator,  the  latitude  will 
Lc  40=  north, 

■11.  llicaupc  the  ciirih  turns  once  on  it»  axia  from  west  to  cast,  or  dc- 
siribi-s  ;l<ju  ilcKTi'i's  in  tho  coursu  of  twcnty-[i>ur  houra,  it  follows  that 
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a  degree  of  longitade,  estimated  on  any  parallel  of  latitude,  ib 
diorter  than  a  degree  on  the  equator.  This  principle  is  ob- 
served in  the  construction  of  mapa. 


THX  TBOriCS   AND    SCLIPTIC. 

25.  If  the  sun  were  always  shining  perpendicularly  over 
tlie  equator,  as  in  Fig.  11,  the  length  of  the  day  and  night 
iTould  always  be  equal  all  over  the  globe.  The  sun  has  this 
position  at  the  commencement  of  our  spring  and  autumn,  that 
i^  on  the  Slst  of  March  and  on  the  22d  of  September. 


Fig.  11.    The  Sun.  in  Spring  and  Autunm. 

Owing  to  cames  which  will  aftcrwnnis  be  dplaincd,  wc  find  that 
during  OUT  midBununei  day,  the  bud  shines  perpendiculailj  orer  a  line 
«  e,  going  laund  the  earth  2Si°  on  the  northern  aide  of  the  equator. 
(See  FigB.  11,  12.)  This  line  Is  called  tht  tropic  of  Cancer,  becauie 
the  sun  qipean  to  us,  at  thi«  time,  amongst  a  certain  group  of  man 


Fig.  12.    The  Sun  in 


««Ded  the  constellation  of  Cancer,  or  the  Crab.  Now,  ii  the  mn  en- 
Ughtena  one  half  of  the  globe  at  one  time,  it  follows  that  his  light  mmt 
extend  231"  o^c  the  north  pole,  that  is,  to  the  point  e  in  the  figure,  and 
■  line  »  d,  diawn  round  the  earth  piuaUel  to,  or  even  with,  the  equattv, 
i*  callad  the  arelic  eircie. 
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In  like  manner,  during  ma  nudmattr  diy,  (Mt  FI^U,)  Ai'lB 
ihiuee  perpendicularly  over  a.  line  fp,  Hi'  oa  the  mbA  rid*  afttft 
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equator ;  this  line  ia  called  the  tropic  qf  Capriixn,  baeMMB  tto  m 
appeus  to  us,  at  ihi"  time,  anumgtt  a  gniiip  of  Man  eallad  tha  ooMMIi- 
tioo  of  Capricorn,  or  the  Goat;  and  the  line /fin  dM  flgiu^tevB 
round  the  eaith  at  the  distance  of  23^°  frcm  the  Knth  pole,  ia  celled  Ike 

antarctic  circU- 

If  a  line  e  p  be  now  drawn  Tound  the  eertli  Lutwaai  tbe  tnpM  of 
Cancer  and  Capricorn,  it  will  icnn  the  ecUptio  or  ^prant  peitt  ef  ft* 
•un  throughout  our  year.  The  ecUptio  i^  thaeftM,  <ni.ltii»l  to  4a 
equator  at  an  angle  of  26j°. 


TQE   ZONES   OK  TBK  KARTH. 
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27.  It  is  obvioiu  that  the  only  places  on  the  earth  to  which  the  sun 
can  be  vertical  are  those  lying  within  the  torrid  zone ;  and  that  to  all 
suck  places  there  can  be  but  little  variation  in  the  length  of  the  days. 
Whereas  within  the  frigid  zones  the  sun  will  shine  for  a  certain  series 
of  days  without  setting,  and  for  a  corresponding  number  of  days  he  will 
not  appear  above  the  horizon. 

28.  The  elevation  of  the  polar  star  is  equal  to  the  latitude 
of  the  place. 

To  understand  this,  let  us  suppose  that  we  are  at  the  equator ;  then 
the  polar  star  will  be  in  our  horizon,  being  90^  from  our  zenith^  or  the 
point  over  our  heads.  Now  suppose  we  travel  1^  on  a  meridian  line,  or 
directly  towards  the  north  pole,  then  the  polar  star  will  appear  elevated 
1®  above  our  horizon ;  by  travelling  2^,  the  polar  star  will  appear  ele- 
vated 2^ ;  half  way  between  the  equator  and  the  pdle^  our  distance  fhnn 
the  equator  will  be  45^,  and  then  the  polar  star  will  appear  to  us  elevated 
45^,  and  so  on.  Thus  it  is  that  the  elevation  of  the  polar  star  gives  us 
the  latitude  of  the  place.  By  this  means  navigators  sailing  on  an  ex- 
panse of  ocean  can  find  the  latitude  of  the  place  where  they  are. 

MEASUREMENT   OF  THE   EARTH. 

29.  The  same  course  of  reasoning  will  show  how  a  degree  on  the 
earth*  t  turf  ace  is  measured.  ^  London,  the  elevation  of  the  polar  star 
is  about  51il°  ;  now  if  we  travel  due  north  until  we  find  its  elevation  to 
be  55^®,  we  shall  have  travelled  over  1®,  or  the  360th  part  of  tiie  earth's 
drcumforence ;  and  if  this  distance  be  accurately  measured,  it  will  be 
found  to  be  about  69^  miles,  which  is  consequently  the  length  of  a  de- 
gree. The  whole  circumference  of  the  earth  will  therefore  be  about  360 
times  691  miles,  or,  in  round  nimibers,  25,000  miles. 

It  must,  however,  be  observed,  that  the  earth  is  not  an  exact  sphere,  for 
it  has  been  found  that  the  length  of  a  degree  measured  towards  the 
poles  is  greater  than  it  is  at  the  equator ;  thereby  showing  that  the  earth 
is  a  little  flattened  at  the  poles,  so  that  the  diameter  passing  through  the 
equator  is  about  26  miles  greater  than  the  diameter  passing  through  the 
poles. 

ANNUAL  MOTION  OF  THE  EARTH. —  CAU3B  OF  THE 

SEASONS. 

30.  Besides  the  spuming  motion  of  the  earth  upon  its  axis, 
we  have  said  that  it  moves  round  the  sun  in  the  course  of  a" 

32 
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year,  in  a  path,  or  orUt,  which  »  aeaAj  dranfav. '  TUi  tm 
nual  motion,  combined  with  the  nnchui^g  diraetigi^  «r-jNpi^ 
aBelism,  of  the  earth's  axis,  is  the  came  of  the  wabnB.     *  " 

LcttbennaU  globe  be  cairied  mimd  •  aBdb-(«0*md«lfta||M 
shade  about  the  rame  dxa  aa  the  glofaa)  it  tlM  mna  time  ttat  It  ^  kq* 
■pmning  upon  itaaua;  tbaiweahaUhMvatadflnUf  aOReatcdAMaa 
of  the  twofold  motion  of  the  enth,  vii^  te dmnwl  or  ddlyaMtaaa 
tta  axil,  and  ita  onnuai  motion  lound  the  Mm.  niepadilB^rtMitti 
gkbeit  moved  will  lepRaeot  the  orMc  {tf  tbe«artb,Mkd  ■  kmlweWi 
nirftcc  gcung  through  thii  path  will  iqnNnt  Ae  pifmxl  tbi  adk 
orfait.  Apun,  let  our  Uttic  globe  be  earned  iDDiidtfaacMdl^wUili 
axis  pcrpendiculai  or  ut^bt  to  tba  pbne  of  tha  oriit;  ChnttwDIbs 
Ken  that  the  circle  on  tbc  gkibe  leiwatiiig  the  li^  a^  afaacle  fMM 
thnnigh  the  pjlcs  tbniugbout  dw  whole  renhrtkn ;  OdBforidoa-ar  tta 
Bxia,  thcrcfon;.  viJl  not  acoount  far  the  chmgw  of  tha  WMaqa. 

Lot  the  globe  be  now  earned  round  tbc  candls  with  Oa  vdi  aOMtH^ 
faidincd  to  the  plane,  or  sui£ice  of  the  tablst  at  tba  HDIM  an^l  Ai^  la 
ererr  poBition  of  the  globe,  it  wilt  he  aMi  that  the  hA  tihngi  tela 
the  same  direction,  oi  that  it  is  always  paMld  to  ItMtt. 


A8TB0N0MT.  875 

the  whole  of  the  north  frigid  zone  ynH  be  enlightened,  ind  on  the 
contrary,  the  whole  of  the  south  frigid  zone  will  be  in  darkness.  In 
order  to  illustrate  this,  suppose  a  little  fly  were  placed  upon  the  arctic 
circle ;  then  throughout  a  whole  revolution  the  creature  will  not  have 
gone  without  the  light  of  the  candle ;  and  on  the  contrary,  let  the  crea- 
ture be  placed  upon  the  antarctic  circle ;  then,  throughout  a  whole  revo- 
lution it  will  not  have  come  within  the  light  at  all.  It  will  also  be  seen 
that  all  places  in  the  northern  henvisphcre  will  be  longer  in  the  circle  of  " 
light  than  In  the  circle  of  darkness;  and  on  the  contrary,  all  places  in 
the  southern  hemisphere  wiU  be  longer  in  the  circle  of  darkness  than  in 
the  circle  of  light ;  that  is,  in  the  former  hemisphere,  the  day,  as  in  our 
summer,  will  exceed  twelve  hours ;  whilst  in  the  latter  hemisphere,  the 
day  will  be  less  than  twelve  hours.  Whereas,  exactly  on  the  equator, 
the  days  will  not  alter  in  their  length.  This  position  of  the  globe  cor- 
responds to  our  midsummer,  or  21st  of  June. 

Constantly  keeping  the  axis  pointing  in  the  same  direction,  let  the 
globe  be  brought  to  the  position  6  of  the  figure,  where  the  axis  neither 
inclines  to  the  sun  nor  from  the  sun ;  now  the  light  will  fall  perpendic- 
ularly on  the  equator ;  the  circle  separating  the  Ught  and  shade  will  pass 
through  the  poles,  and  therefore  the  days  and  nights  will  be  equal  all 
over  the  globe.  This  position  corresponds  to  our  autumnal  equinoxt  the 
22d  of  September,  or  to  that  time  in  autimm  when  the  length  of  the 
night  equals  the  length  of  the  day.  Still  keeping  the  axis  pointing  in 
the  same  direction,  let  the  globe  be  now  brought  to  the  position  q,  where 
the  north  pole  inclines  away  from  the  sun.  Here  the  revene  of  what  was 
observed  in  the  first  position  c  will  now  take  place.  The  sim  will  shine 
perpendicularly  over  the  tropic  of  Capricorn,  and  the  southern  hemi- 
sphere will  enjoy  more  of  the  sim's  light  and  heat  than  the  northern. 
This  position  corresponds  to  our  midwinter,  the  21st  of  December,  and 
then  oiir  days  will  be  at  their  shortest. 

Let  the  globe  now  be  brought  to  the  position  d  of  the  figure ;  then, 
here  again,  the  axis  neither  inclining  to  the  sim  nor  from  the  sun,  the 
days  and  nights  will  be  equal,  as  at  the  autumnal  equinox.  This  posi- 
tion corresponds  to  our  vertuU  or  sprinf  equinox,  the  20th  of  March. 

When  the  globe  is  brought  to  the  position  c,  it  has  made  a  complete 
revolution  in  its  orbit,  and  the  i)criod  corresponds  to  our  natural  yeaf,  or 
365  days,  6  hours,  48  minutes,  and  51  seconds.  Particular  attention 
should  be  given  to  the  circumstance  thaf  the  axis  of  the  globe,  through- 
out the  whole  revolution,  has  maintained  its  parallelism, 

31.  Wliile  the  earth  thus  performs  a  revolution  in  its  orbit,  the  sun 
wiU  appear  to  us  to  make  a  complete  revolution  in  the  heavens,  through 
the  different  oonstellations  in  the  zodiac  or  belt  of  stars.  Thus,  in  our 
r,  the  son  will  be  referred  to  the  sign  c  or  constellation  of 
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Cinc«T ;  in  our  intumMl  eqmnaz,  to  tba  rign  of  10**,  or  ^>;  fai  gH 
midwititet,  to  the  ugn  of  Ca}ncanni*,a>yf;  md  m  ov  thbiI  sqaiMn^ 
to  the  ngn  of  Aries,  or  cp. 

32.  Thus  the  changcB  of  the  Bcaaoni,  M  wdl  H  tba  ^qannt  «iud 
notion  of  the  nm,  are  perfectly  eqikiiiad  hf  ntppoiiag  tlw  tmcA  ts 
move  round  the  mm.  But  why,  it  aiaj  tw  riiiil.  do  wi^  In  ■tj— J**™ 
to  the  fint  impteeum  of  our  teotta,  bdine  that  ttw  cirdi  munt^  iprtHd 
ctf  the  aun  ?  JuM  fbi  th«  ume  KMon  tliat  we  infir  that  tbe  iivaMf 
diumal  revnlutimt  of  the  nin  ronnd  the  esth  i«  prodneed  bj  tlM  MtBd 
rotation  of  the  earth  on  its  azia  in  enej  tmntj-finu  botm. 

33.  The  distance  of  the  eardi  bm  the  nin  ii  ■boot  ntnctr-fif*  mU- 
Ilons  of  miles.  In  order  to  form  aome  eonoeptioa  of  this  tmmaae  di»- 
tance,  let  ua  suppose  a  body  to  mora  fiom  the  end)  to  the  aun  wiA  th« 
speed  of  one  of  our  railway  cairiagea,  (SO  mlki  per  bom ;)  th«i  it  wndd 
takp  about  220  ;can  to  arrive  at  the  nm. 


THE  MOON. 
34.  The  diameter  of  the  moon  is  Rbont  2000  milo,  or 
about  one  fourth  the  diameter  of  the  earib  ;  she  perfcrmi  a 
revolution  round  the  earth  in  27  days,  7  houra,  43  minntea,  in 
an  orbit  whose  radius  is  about  240,000  miles,  or  about  60 
times   the   earth's   radius.     The   moon  always  presents  the . 
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Tlie  Earl  of  Kosse,  who  has  recently  completed  another  telencope,  the 
largest  ever  made,  alluded,  at  a  late  meeting  in  London,,  to  its  effects. 
He  said  thbt,  with  respect  to  the  moon,  every  object  on  its  surface  of  100 
feet  in  height  was  now  distinctly  to  be  seen ;  and  he  had  no  doubt, 
under  very  fiivorable  circumstances,  it  would  be  so  with  objects  60  feet  in 
height.  On  its  sur&ce  were  craters  of  extinct  volcanoes,  rocks,  and 
maasea  of  stones,  almost  innumerable.  There  were  no  signs  of  habitations 
such  as  oura :  no  vestiges  of  architecture  remain  to  show  that  the  moon 
is  or  ever  was  inhabited  by  a  race  of  mortals  similar  to  ourselves.  It 
presented  no  ai^)earance  which  could  lead  to  the  supposition  that  it  con- 
tained any  thing  like  green  fields  and  the  lovely  verdure  of  this  beautiful 
world  of  ours.  There  was  no  water  visible  —  not  a  sea  or  a  river :  all 
seemed  desolate. 


PERIODICAL   AND    8TNODICAL   MONTH. 

36.  Like  the  sun  and  planets,  the  moon,  in  consequence  of 
her  revolution  round  the  earth,  has  an  apparent  motion  from 
west  to  east  among  the  stars  of  the  zodiac.  Her  motion 
among  the  stars  is  so  rapid  that  it  may  be  readily  perceived 
by  a  few  hours'  observation  on  any  moonlight  night.  As  al- 
ready stated,  she  makes  a  complete  revolution  in  the  heavens 
in  27  days,  7  Lours,  43  minutes ;  that  is  to  say,  she  takes  this 
time  in  passing  from  a  star  to  returning  to  the  same  star  again : 
this  is  called  her  periodical  month  ;  but  the  time  from  new 
moon  to  new  moon  again  is  rather  longer  than  this,  in  conse- 
quence of  the  motion  of  the  earth  in  its  orbit.  The  time  be- 
tween every  new  moon  is  29  days,  12  hours,  44  minutes :  this 
is  called  the  sytiodical  month. 

Let  S  (Fig.  15)  represent  the  sun  ;  E  the  earth ;  A  B  a  part  of  its  orbit ; 
M  C  the  orbit  of  the  moon  round  the  earth ;  M  her  position  at  new  moon, 
which  is  in  a  line  drawn  from  the  earth  to  the  sun.  Now,  if  the  earth 
had  no  motion,  the  moon  would  move  round  in  her  orbit  and  return  to 
the  position  M  in  a  x)eriodic  month  ;  but  while  the  moon  is  describing  a 
revolution,  the  earth  will  have  moved  over  about  the  twelfth  part  of  its 
orbit,  suppose  from  £  to  0.  The  moon  will  then  be  at  n,  where  0  n  is 
drawn  parallel  to  £  M,  and  she  must  therefore  move  over  an  additional 
portian  n  m  of  her  orbit  before  she  comes  again  in  the  line  e  S  joining  the 
earth  and  the  sun.  This  additional  portion,  being  about  the  twelfth  part 
of  her  whole  orbit,  occasions  the  time  of  the  synodioal  revolution  to 

32* 
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exceed  the  periodical  bj  ratha  nure  t 
trated  by  the  relative  niotioM  of  tbe  hi 


Fig.  I5<    Fesiodical  1"*^  Synodic^  Wi^tfli- 


•t  12  o'clock  the  hands  are  together,  but  bctee  thej  can  taa»  tapte 
■gain  the  minute  hand  murt  nioTe  ant  a  whole  nrolutiaa  nd  ate 
inore  than  the  twelfth  part  of  fp'ffhfr  one* 


THE  UOON  S   PHASES. 

37.  The  sun  altvays  enligliCena  one  half  of  the  moon;  but 
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enth*  and  ahe  then  appeuB  as  haifmoon.    This  takes  place  at  the  end 
of  her  fixst  quarter,  or  at  her  quadratures. 

At  d  about  three  quartexs  of  her  enlightened  hemisphere  is  yisible  to 
us,  and  she  is  then  said  to  be  pibboiu. 


€ 


^  ■■<■■■■■■ 


€ 


Fig.  16.    The  Moon's  Phases. 


At  e,  when  she  has  completed  one  half  of  her  revolution,  the  whole 
of  her  enlightened  hemisphere  is  visible  to  us,  and  she  is  thcnfuU  moon. 
In  this  position  ahe  is  said  to  be  in  oppositicn  to  the  sun.  If  the  plane 
of  the  moon's  orbit  had  exactly  coincided  with  that  of  the  earth's,  she 
would  have  been  invisible  to  us  at  this  period,  for,  in  this  case,  the  earth 
would  have  obstructed  the  sun's  light ;  but  it  so  happens,  that  she  is 
mostly  either  above  or  below  the  line  connecting  the  earth  and  the  sun» 
and  henoe  it  is  that  we  usually  see  the  whole  of  her  enlightened  jESeu^ 
This  will  be  better  understood  when  we  come  to  cooosider  the  subject  of 
eclipses. 

At  /  she  is  gibbous,  at  g  half  moon,  at  h  homed,  and  at  a  she  again 
beoomeB  invisible. 


ECLIPSES. 

88.  An  eclipse  of  the  sun  is  called  a  solar  eclipse,  and  that 
of  the  moon  a  lunar  eclipse.  When  the  moon  comes  between 
the  earth  and  the  sun,  his  light  is  obstructed,  and  an  eclipse 
of  the  sun  is  produced ;  and  an  eclipse  of  the  moon  takes 
place  when  the  earth  is  between  the  sun  and  the  moon.  Hence 
it  is  tkal  edipses  of  the  moon  can  only  occur  at  her  fuU^  or 
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Khen  the  it  tn  oppotilion,  ttnd  eclipses  of  tfae  boh  at  Iwr  d 

or  wlien  she  is  io  conjunction ;  moreoTer,  the  three  bodiei  HlK  I 

ha  in,  or  nearly  in,  ihe  same  straight  line. 


e  m  theecBpticor 


Now,  if  Ihc  mnon's  orbit  ntn 
oftbe  earth,  tfacn  the  sun  miuld  be  « 
nioon  woiJd  be  eclipecd  at  every  faU  n 
inclined  to  the  caith's,  eheis  moatly  atbaabare  the  ed^pticccMMril 
when  »he  is  in  oppositinn  and  conjunctiaD.  The  pajnta  whsa  the  mrat 
(nUt  cull  Ihe  plane  of  Ihe  ecliptic  are  .called  the  note;  licnMitiillHi 
that  eclipaee  can  only  take  place  irhen  the  moon  h^>p«M«  to  1»  k  <* 
near  one  of  the  nodea  at  the  motnoit  she  ia  in  opiMBtian  or  daqjiMcto. 
In  the  course  of  a  year  tha«  m&y  be  aerai  ecUpMi  ot  Urn  an  Md 
moon  —  Sre  of  the  sun  and  two  of  tha  jotaa,  w  four  cf  dw  am  ni 
three  of  the  moon.  Lunar  and  lolai  edipsa  difia  Toy  unA  tea 
each  other  in  certain  Rspecta :  a  lunar  ed^ne  may  be  wtiOk  M  Ai  ■■* 
time  by  all  persons  to  whom,  the  moon  ia  Tiiible,  wheKM  a  aolar  m^^ 
may  be  seen  by  one  penon  and  not  by  another ;  againa  an  tdipm  <rf  Iki 
■un  can  neva  last  more  than  dght  minutes,  wheteat  an  mI^mb  if  tki 
moon  frequently  eontinuea  fin  mon  than  two  houn. 

39.  Eclipse  of  the  moon.  —  If  the  vhole  disk  or  face  of 
tlie  moon  is  immersed  in  the  shadow  cast  hj  the  earth,  thai 
the  eclipse  is  said  to  be  toted;  and  the  eclipse  is  Ri^tobt 
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40.  EcUp$e  of  the  suiu  —  A  total  ecli(>8e  of  the  sun  takes 
place  at  that  part  of  the  earth's  surface  which  is  immersed 
in  the  moon's  shadow. 

Fig.  18  repreMnts  a  total  eclipse  of  the  sun ;  where  S  represents  the 
ami ;.  £  e  the  earth ;  A  B  the  moon's  oibit ;  M  the  moon  exactly  in  a 


\        3k  ¥     y 


.::::--•• 


Fi^.  18.    Total  Eclipse  of  the  Sun. 

line  between  the  sim  and  the  earth ;  en  ao  the  moon's  shadow  cast 
upon  a  small  portion  of  the  earth  at  a  o :  this  dark  shadow  is  called  the 
umbra*  The  sun  will  appear  totally  eclipsed  to  persons  living  within  a  o; 
but  to  penons  living  without  this  portion,  that  is,  between  a  o  and  E  «, 
the  sun  will  be  visible.  Between  a  o  and  b  r  the  sun  will  be  partially 
obscured :  this  portion  of  the  shadow  is  called  the  penumbrat  because  it 
is  not  so  dark  as  the  iimbra,  or  the  portion  in  the  full  shadow. 

Within  the  umbra,  therefore,  a  total  eclipse  takes  place ; 
whereas  within  the  penumbra  the  sun  is  only  partially  eclipsed. 

41.  Annular  eclipse,  —  If  the  conical  shadow  of  the  moon 
does  not  reach  the  earth,  then  an  annular  eclipse  will  take 
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Fig,  19.    Annular  Edipse. 

place  to  all  persons  immediately  below  the  vertex  of  the 
moon's  shadow ;  that  is,  the  moon  will  appear  like  a  black  spot 
upon  the  sun,  surrounded  by  a  ring  ojP'iig^ 

.Here  tha  Tortez  of  the  moon's  conical  slptdow  does  not  Mch  the  earth    .^ 


^.^1'  vc  \\v;\>"i'' 
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n  ;  no  thM  a  iipFcliitor  at  a  wUl  uc  tha  mooQ  Uke  ■  dnk  ^ot  nodr 
iVLting  tlic  siin'e  dbik. 


THE  SL-X  AND  PL.\XETS. 

'1'^.  nnviii;;  described  the  motions  of  the  earth  and  ibe 
nio'iii.  we  sliiill  iii>w  Ircat  of  tlic  eud,  with  the  other  bodies 
composing  the  solar  system. 

4^.  Tlic  iiliiiicts  arc  opaque  bodies ;  that  is  to  Bay,  thej  do 
not  iniil  any  light  of  llmir  own,  but  merely  shine  with  tbe 
li^lit  iKirrowfriJ  fi'om  ihe  sun.  This  is  proved  by  means  of  the 
tflcsc'<i]ii'.  which  sliows  that  they  present  faces  similar  to  tlie 
nidoii's,  having  iLeir  cnlighlened  sides  iilways  turned  lowanli 
the  sun. 

4-1.  The  [ilancls  nrc  divided  into  inferior  and  superior; 
those  ivhicli  ri'volvc  tril/iin  the  earth's  orbit  are  called  iaferiur 
pi'iiirts,  and  thosp  which  revolve  without  it  are  called  supemr 
/•ImiHs.  Thus  Mercury  and  Venus  are  inferior  planets,  onJ 
M:irs.  Jupiicr,  H.tturn,  Uranus,  and  Neptune,  together  with 
the  A.-^lcroids,  arc  BuiH?rior  phtnets.     (See  Fig.  3.)  ' 
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In  Older  to  farm  &  hmiliar  idea,  of  Uiese  tnotloni^  eonedfe  ymnttf 
plaMd  in  the  centre  of  &  hone  nng ;  tlie  bon^  w  h«  metrcB  roimd  yotij 
win  appear  to  more  in  a  regular  and  progrcaaire  ^^ler :  now,  ooncetTe 
yourself  to  be  placed  without  the  ring  |  then  the  flRion  of  the  boiM  ap- 
pean  no  Janga  r^nlar ;  at  ono  time  he  appeal*  to  more  u;  tima  right 
to  left,  then  for  a  moment  he  appears  as  if  he  were  itationarf ,  and  afto- 
mrda  be  ai^eara  to  move  &om  left  to  eight,  and  in  two  pcanta  of  hi» 
puh  he  appeara  in  conjunction,  or.  aa  it  were,  in  the  same  place  with 
the  man  in  the  c«Dlre  of  the  ring.  Theae  apparent  motiona  of  the  hone 
ffve  a  true  representation  of  the  appartnt  motiana  of  the  two  inferior 
planets,  Meroury  and  Venus. 

46.  Oppotition  and  cortjunetion  of  tie  planett.  —  That 
Mercury  and  Venus  are  inferior  planets  is  proved  bj  their 
crossing  the  sun's  disk  like  a  black  spot,  thereby  showing  that 
they' must  reTolve  between  us  and  the  sun;  whereas  Mara 
and  the  other  tuperior  planets  uever  do  so.  Moreover,  Mer- 
cury and  Yenus  never  appear  in  opposition ;  whereas  Mars 
and  the  other  superior  planets  appear  in  opposition  as  well  as 
in  conjunction. 

In  Fig.  20  let  S  represrait  the  sun ;  E  the  earth ;  V  an  inferior  planet ; 
and  H.  a  supeiiar  one.     At  nt  and  v  both  plaaets  appear  in  conjimction 


Fig.  20.    Coiijunction  and  Oppodtknu 

to  •  apactatoT  on  the  earth,  but  at  11  and  T  the  sopoior  planet  U  ia  In 
oppaMoB,  while  the  inftdix  flasM  V  la  in  ocEJanelMni  aiid  at  this 
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pvilicm  it  will  i>otni?limm  appear  like  s  black  spot  cros^ng  tbe  MB*!  I 
itisk  :  thii  ia  callnl  )hi-  fraiuil  of  Venus,  or  Mtrruijr.  ae  the  case  hut    I 
be :  Ib^ifs  while  ihaMipciinr  planets  never  cross  the  sun's  dUk,  the  isle- 
rior  ones  never  ^'pptWin  oppoaition- 

47.   Apparent  miitimu^  Vima.  —  Wtibill  aawOiaabmU  Urn  imm 
of  the  apparent  motions  and  phaMi  of  the  planMi  l^a-nAnoMtolkt 
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and  M>«m.     Itbplwn  that  if  Venn*  bod  ibona  with  b«oim  light,  iliB 
mold  Blweya  hsTe  appeared  perfectly -round  to  us. 

49.  3lomin0  and  me»ing  itar.  —  ^V'tlen  Yeniu  appeare  to  the  wait 
ti  the  Bun,  that  is,  from  dvah,  (see  Fig.  SI,}  the  ia  the  ercning  star, 
ftx  then  ehe  ahioea  in  the  western  skjr  at  iunset ;  and  on  the  contrary, 
when  she  appears  to  the  east  of  the  sun,  that  is,  from  A  to  J,  she  ihinea 
in  the  eastern  aky  belia«  sanrise. 


COMPARATIVE   SIZE  AND  APPEABAMCE  OF  TBE   PLi.ITETS. 

60.  The  following  diagram  exhibits  the  comparative  sul  and  appear- 
nee  «f  the  principal  planets  in  the  solar  system. 


Fig.  22. 


Japter  is  the  largest  of  all  the  planets;  hia^ameter  is  aboat  11 
times  tbe  diameter  of  the  earth ;  Saturn,  Neptune,  and  Uranua  are  next 
in  <vder  of  magnitude :  the  Earth  and  Venua  are  about  the  some  size ; 
the  diameter  of  Man  is  only  about  ona  half  the  diameter  of  the  earth : 
and  Mercury  la  about  one  third  amailer  than  Mars.  The  Aeteroids 
(which  tould  not  be  shown  in  ihii  diaSTram)  are  very  small  bodies,  the 
Iarge<t  of  them  not  being  mote  than  Sotl  miles  in  diameter.  The  diam- 
eter of  the  eun  is  about  110  times  tbe  diameter  of  the  earth,  and  bia 
entiremaMiB  vastly  greater  than  that  of  all  the  planets  put  together. 
Conitrueted  on  the  ecale  of  the  accompanying  diagram,  he  would  have 
bten  i^acaleA  by  a  globe  of  about  a  loot  in  diameter. 
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TABULAR  VIEW   OF  THE    80LAB   STBTEU. 
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AI.  The  Sun  is  nearly  a  milUon  and  a  half  times  the  balk 
of  our  earth,  is  the  groat  source  of  light  and  heat  to  all  the 
jilanet:!,  and  by  the  altraction  which  he  exerts  retaina  them  in 
their  orbits.  The  ti'le^cope  shows  tliat  there  are  dark  ?poU 
upon  his  Buriace,  and  by  observing  them,  astronomcis  h«\-o 
led  tlmt  he  I'cvolves  on  his  axis  every  25  days,  in  tlw 
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21  minutes,  on  an  axis  inclined  to  the  plane  of  her  orbit  at  an 
angle  of  15°.  The  length  of  her  day  is  nearly  the  game  as 
ours,  and  the  inclination  of  her  axis  shows  that  she  has  sim- 
ilar seasons.  She  is  surrounded  by  a  large  atmosphere,  and 
from  the  irregularities  observed  on  the  edge  of  her  crescent, 
it  has  been  inferred  that  she  has  enormous  mountains  upon 
her  sor&ce,  probably  much  larger  than  any  on  our  earth. 

54.  Mars  is  a  small  planet  about  1  j-  times  the  earth's  dis- 
tance from  the  sun  ;  he  takes  about  two  of  our  years  in  re- 
volving round  the  sun  ;  and  the  length  of  his  days  is  about 
the  same  as  ours.  The  inclination  of  his  axis  to  the  plane  of 
his  orbit  shows  that  he  has  seasons  similar  to  those  which  take 
place  on  the  earth.  He  is  surrounded  by  an  atmosphere,  and 
the  outline  of  continents  and  seas  may  be  distinctly  traced  by 
means  of  a  telescope.  The  red,  fiery  color  of  his  light  is  sup- 
posed to  be  produced  by  the  ochrey  tinge  of  his  soil,  like  that 
which  red  sandstone  might  produce.  Bright  white  spots  are 
teen  about  the  poles,  which  are  no  doubt  occasioned  by  tlie 
reflection  of  the  sun's  light  from  the  polar  snows  and  ice  upon 
the  planet ;  for  it  is  observed  that  as  each  pole  is  turned  towards 
the  sun,  the  bright  spots  about  it  become  less,  owing  to  the 
melting  of  the  snow  by  the  sun's  heat 

55.  The  Asteroids  are  a  series  of  very  small  bodies,  so 
called  because  they  have  more  resemblance  to  fixed  stars  than 
to  planets.  Their  number,  as  far  as  at  present  ascertained,  is 
forty-four.  They  revolve  around  the  sun  in  varying  orbits, 
extending  through  a  zone  of  about  100,000,000  of  miles  in 
width.  These  orbits  are  variously  inclined  to  the  plane  of  the 
ecliptic,  and  are  between  those  of  Mars  and  Jupiter.  These 
bodies  are  much  smaller  than  the  planets,  the  smallest  being 
less  than  100  and  the  largest  not  more  than  400  miles  in  di- 
ameter. Their  distance  from  the  sun  varies  from  200,000,000 
to  500^)00,000  of  miles,  and  they  perform  thek  revolutions 
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round  it  in  p(■^iD<l^;  of  From  3  to  5}  years.  They  bare  nil  httn 
disci >v<M^'(i  iluriiig  the  present  century,  and  all,  except  five, 
witliiii  llie  jiiifit  10  or  12  years.  The  foUowin);  an  their 
unines  and  the  year  of  their  discovery :  — 

CVre^.  IKOI  ;  Pallas,  1802;  Juno,  1804;  Vesta,  1807;  As- 
trea.l«4ri;  Hr-h,>, Iris, and  Flora,  1847;  Metis,  1848:  llygeia, 
1'<I'J;  Piirlhcnopp,  Clin,  and  Efteria,  1850;  Irene  and  Eu> 
nuraiii,  1K')1  ;  I'sychis  Thetis,  Melpomene,  Fortana,  Massilia, 
Liilolia.  Calliopf.  nnU  Thalia,  1S52  ;  Themis,  Phocea,  Pro- 
serpina, a  ail  EniPr]ic,  l**'iC  ;  Bellona,  Ampliitrite,  Urania,  Eu- 
phrosvTii',  Pitmonii,  nn<I  Polymnia,  1854 ;  Circe,  Leucotheo, 
Fides,  and  Atalania,  185o ;  Ledo,  LKtitis,  Ilarraonia,  Daphne, 
and  Isis,  IfUG  ;  Ariiidiic  and  another,  as  yet  unnamed,  1657. 

ST..  .IrriTEK,  This  is  the  largest  of  the  planets.  He  takes 
about  twelve  years  to  cotnplete  his  revolution  round  the  sun, 
and  turns  ujion  his  axis  in  about  ten  hours,  lliis  rapid  rota- 
tiun  has  causeii  liim  to  be  much  flattened  at  ihe  jioles. 

The  <li>k  of  ..lapiter  is  always  fband  to  be  crossed  with 
(lark  panillrl  biinds  or  belts  with  9pot»,  as  shown  in  Fig.  22, 


67.  Vtheitp  of  Ujfht  —  The  eclipses  of  Japitor'a  satellited 
luive  enabled  ibs^ronooiers  to  determine  the  velocitj  of  light. 
'When  Jupiter  is  in  opposition  we  are  much  nearer  to  him  than 
-when  he  is  in  coiyunction ;  owing  to  this  difference  of  distance 
we  aee  Ihe  .ec)^[»es  of  his  satellite^  16^  minutes  sooner  in  the 
rae  position  than  we  do  in  the  other. 

Xet  8  represent  the  Bun«  (see  Fig.  23 ;)  J  Jupiter ;  M  the  wtelltte 
eclipsed  by  the  great  conical  shadow  of  the  plaaet;  £  the  positioa  of  the 


Fiff.  23.    Eclipse  of  Jupter's  Satellites. 

«8ith  when  Jupiter  is  in  or  nearly  in  opposition ;  and  e  the  position  of  the 
earth  when  he  is  in  conjunction ;  then  the  distance  between  £  0  is  equal 
to,  or  nearly  equal  to,  the  diameter  of  the  earth's  orbit.  Now,  the 
eclipse  seen  from  E  takes  place  8|  minutes  before  the  calculated  time, 
whereas  when  it  is  seen  from  e  it  takes  place  81  minutes  later  ^pn  the 
calculated  or  true  time;  consequently  the  light  takes  16i  minutes  to 
traTel  £rom  £  to-0;  that  is,  Ught  takes  16^  nUmUea  in  trav§ning  the 
ttimneter  cf  the  earth's  orbit, 

58.  Satubn.  Satum!s  year  is  29^  times  the  lengtii  of  our 
year,  and  the  length  of  his  day  is  about  10^  hours.  His  dis- 
tance from  the  sun  is  about  9^  times  that  of  the  earth.  The 
diameter  at  his  Equator  is  about  ^  greater  than  the  diameter 
at  his  poles.  Like  the  earth,  his  axis  is  inclined  to  the  plane 
of  his  orbit,  and  therefore  he  must  have  seasons.  Saturn  has 
eight  satellites,  seven  of  which  had  been  known  for  sixty  years 
before  the  eighth  satellite  was  discovered.  He  is  distinguished 
by  having  a  thin  broad  ring  surrounding  his  equator,  as  shown 
in  Fig.  22.  This  ring  is  concluded  to  be  opaque,  because  it 
casts  a  shadow  on  the  surface  of  the  planet ;  it  is  separated  by 
different  intervals,  so  that  it  is  really  a  series  of  rings  concen- 
tric with  the  planet ;  its  whole  breadth  is  27,000  miles,  and 

33* 
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its  tliicknesa  dooa  not  exceed  100  miles.  The  space  between 
the  inner  side  of  the  ring  and  the  planet  is  19,000  miles.  The 
difTereiit  parU  of  the  ring  revolve  roaod  Saturn  in  periods 
depending  on  their  respective  distanoes  from  him  ;  Ihe  outer- 
most ring  revolves  in  about  10^  hours.  Saturn  has  dark  bells, 
like  Jupiter,  but  rather  broader  and  less  strongly  maAed; 
the  cause  of  these  belts  is  no  doubt  atmospheric,  as  in  the  case 
of  the  belts  of  Jupiter. 

59.  Uit.VNUS.  This  planet  completes  his  revolution  round 
the  Eun  in  nitber  more  tboa  eighth-four  ^ears ;  his  mean  dis- 
tance from  the  sun  is  about  nineteen  times  that  of  the  earth. 
The  discoverer  of  Uranus,  Sir  W.  Herschel,  believed  that 
this  planet  had  six  uioons  ;  but  only  four  have  been  observed 
by  otlior  nslronomcrs.  Tbe  motion  of  these  satellites  round 
their  primary  is  from  oast  to  west,  which  is  aa  exception  to 
the  law  observed  by  tlic  satellites  of  Jupiter,  Saturn,  and  the 
Earth. 


6(L   Neptvxe.    Neptune,  the  most  remote  planet  at  pres- 
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Their  orbits  are  ellipses  or  ovals,  bo  very  flat  or  eccentric, 
that  the  comets  are  invisible  to  us  for  the  greater  part  of  their 
revolutions  round  the  sun. 

Comets  are  not  solid  like  the  planets ;  they  merely  consist 
of  a  mass  of  vapor,  the  central  portion  of  which  is  called  the 
nuclevsj  or  head,  being  more  dense  than  the  rest.  Sometimes 
this  vapor  extends  to  a  great  distance  in  the  form  of  a  tail, 
which  is  always  in  a  direction  contrary  to  the  sun. 

THE  PLANETS   MOVE   IN   ELLIPSES. 

62.  The  true  iwth  of  the  planets  round  the  sun  are  ellipses  or  orals, 
differing  in  general  but  little  from  circles,  of  which  the  sun  occupies  what 
is  called  the  focus. 

Thus,  in  Fig.  24,  £  represents  the  earth ;  E  D  A  its  elliptical  orbit 
round  the  sun ;  S  the  sun  in  the  focus  of  the  ellipse. 


Fiff.  24.     Elliptical  Orbit. 

Kepler  discovered  the  elliptical  motion  of  the  planets,  with  other  im- 
portant facts,  by  observation,  and  Newton  showed,  by  mathematical  anal- 
ysis, that  this  peculiar  form  of  their  orbits  depends  upon  a  certain  law  of 
the  attractive  force  residing  in  the  sun,  called  the  law  of  gravitation. 

When  the  earth  is  nearest  the  sun,  as  at'p,  it  is  said  to  be 
in  its  perihelion  ;  and  when  the  earth  is  farthest  fram  the  sun, 
as  at  a,  it  is  said  to  be  in  its  aphelion.  The  motion  of  the 
earth  in  its  orbit  is  quickest  when  it  is  nearest  the  sun,  or  in 
its  perihelion,  and  slowest  when  it  is  farthest  from  the  sun,  or 
in  its  aphelion.  Hence  it  is  that  the  time  between  our  vernal 
and  autunmal  equinoxes  is  about  eight  days  longer  than  the 
time  between  our  autumnal  and  vernal  equinoxes ;  thereby 
cadging  the  summer  in  the  northern  hemisphere  to  be  a  little 
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longer  tlian  tlie  winter.  Tlic  oarl'i  is  nhoiil  three  millions  of 
inik-.'  iienrcr  to  llie  sim  in  wintL-r  tlian  it  i:i  in  summer.  If 
tliis  lio  iliu  i-;i^o,  it  niiiy  be  aikoil,  Wliy.is  our  summer  so  mucfa 
wiirmcr  llniii  uur  uiiiltr?  It'  we  are  nearer  to. the  eun  in 
winter  tliaii  ivc  nre  iii  punimer,  wliy  should  it  not  be  warmer 
in  winter,  rallier  Hum  culder?  It  id  quite  true  that  this 
wonlil  bi^  tlie  vi\~:;  ivere  it  not  fur  other  causof,  which  far  more 
tliaii  euiL[i[L'rlKLlaiiee  Ilic  very  fmall  defieieni-y  of  tempenitai« 
arising  I'rdm  liii^  liiiii-reni.'c  of  distance  from  the  sun.  These 
.nuses  iiiive  bei^n  Inietly  and  incidentally  explained  in  Art.  30, 
but  it  may  be  in^li-uetivu  to  bring  them  here  before  the  stu- 
dent in  a  diiJlinet  fann. 

/.'„■,  ./  &,™,r. 

The  dins  in  oiii-  siimnier  months  being  very  mucti  longer 
than  they  are  iti  our  winter  months,  we  must  manifestly  re* 
ceirc  mueli  niore  heat  Jruui  the  sun  during  tlie  former  period 
than  we  du  diivin^r  the  latter. 

In  imr  summer  l!ie  sun  r(:ies  to  a  much  greater  height  abors 
the  horizon  llian  lie  due^  during  our  winter,  and  consequently 


of  the  ran,'  A  B  6  E,  fidl  perpendicularly ;  and  let  A  C  be  an  equal  por- 
tion of  the  earth's  sur&ce,  upon  which  the  rays  of  the  sun,  A  C  F  E,  fall 
obliquely,  or  in  a  fidanting  direction.  Now,  although  the  surfaces  A  B 
and  A  C  are  equal,  yet  it  is  plain  that  a  much  greater  number  of  rays 
must  fidl  on  A  B  than  upon  A  C :  the  rays  of  light  jmd  heat  fislling 
upon  A  B  are  included  by  the  space  A  B  G  £,  whereas  those  which  &U 
on  A  G  are  included  l^  Hcte  space  A  D  F  £ :  in  fiict  the  heat  wYadk 
fiDa  upm  thftamallportian  A  D  ia  tpreadottt  om  A  C. 

OBATITATION. 

63.  When  a  body  moves  in  a  carved  line,  soch  a9  the  path 
of  the  earth  round  the  sun,  it  mu8t  be  under  the  action  of  two 
forces^  one  an  in^palsive  force,  or  force  of  projection,  the  other 
a  constantly  acting  force,  such  as  the.  attraction  of  gravitation. 

We  here  a  femiliar  instance  of  this  when  a  stone  is  projected  oblique- 
'ly  upwards  isam  the  top  o£a  high  tower ;  the  stone  moves  in  a  curye, 
caidled  a  parabola,  in  consequence  of  the  motion  of  projection  and  the  at- 
traction of  the  earth.  Now,  as  we  increase  the  force  of  projection,  the 
stoBawill  be  longer  before  it  reaches  the  earth's  surfScK^ ;  indeed,  it  is  not 
.  difficult  to  oonoeiTe  the  force  of  projection  to  become  so  great  that  the 
stone  shall  not  return  to  the  earth's  surface  at  all,  but  shall  move  round 
the  earth  like  a  little  satellite  similar  to  the  moon. 

The  earth  and  all  the  other  planets  had  at  first  a  motion  of  projection 
giyen  to  them  ;  and  this  motion  would  have  carried  them  away  into  in- 
finite space,  had  it  not  been  for  the  sun's  attraction.  If  the  attractire 
force  of  the  sun  were  to  cease,  the  earth  at  £  (see  Fig.  24)  would  fly  off 
from  its  orbit  in  the  tangent  line  E  K  ;  and  on  the  contrary,  if  the  motion 
of  projection  were  stopped,  the  earth  would  be  drawn  in  towards  the 
sun  ;  but  the  two  forces  of  projection  and  gravitation  are  so  nicely  ad- 
justed, that  the  earth  continually  moves  round  its  great  qentre  of  attrac- 
tion, in  an  elliptical  orbit,  constantly  returning  at  every  revolution  (at 
least  virtually)  to  the  point  from  which  it  started.  This  law  of  gravita- 
tion,* which  holds  true  with  respect  to  the  sim  and  the  planets,  also 
holds  true  with  respect  to  the  motion  of  the  satellites  round  their  respec- 
tive primaries. 

*  According  to  the  law  of  gravitation,  (1.)  All  bodies  attract  one  an- 
other with  forces  proportional  to  the  masses  of  matter  which  they  contain ; 
(2.)  The  force  of  attraction  decreases  as  the  aquares  of  the  diatancca 
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ATMOSPHERIC  REFRACTION. 

C4.  Tlic  atmosphere  which  Eurrounds  the  earth  is  of  nria- 
ble  density ;  that  id,  the  higher  we  ascend  the  rarer  it  becomo. 
It  may  tliercrore  be  considered  as  consisting  of  a  series  of  straU 
or  layers  K  G  1 JVI,  G  D  F  I,  D  A  C  F,  tc.,  (see  Fig.  26,) 
of  decreasing  density.  Now,  air,  as  well  as  all  transparent 
tubsbinees,  pusse^i^ses  tlie  power  of  refracting  the  rays  of  light, 
or  bending  tliem  out  of  their  straight  course ;  thus  the  rays  of 
light  ])rocee<ling  I'rom  a  star,  or  any  heavenly  body,  become 
bent  more  and  more  downwards  as  they  pass  through  the  ■(• 
mosplierc,  and  the  slar  is  seen,  not  in  the  direction  in  which  it 
actually  lies,  but  iu  tlie  direction  which  these  rays  hare  at  the 
instant  of  arriving  ux  ihe  eye  of  an  observer :  the  effect  of  flus 
is,  to  cause  the  Slav  to  ap[}e:Lr  higher  in  the  heavens  than  it 
rcnlly  is. 

In  Fig.  3S,  let  S  represent  a  star  beyond  the  liniiti  of  the  ntmoephoi 
K  A  C  M  1  S  B  m  the  straight  course  of  ■  ray  of  light  poceedisg  (ran 
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]a7er,i)ntil  then^eoiiMs  to  theeyeof  thcobMrrer.  As  tbe  la^of  Ugkt 
|»occgdi  downirud«,  the  atzata  of  ail  become  more  and  more  denie,  which 
cansea  the  tbj  to  become  taore  and  more  bent  in  its  passage ;  hence  it  is 
that  the  coune  of  the  refracted  ray  through  the  atmospheie  is  that  of  a 
CUTTER  which  hecomes  more  and  more  concave  as  it  approaches  the  earth, 
Mihown  inHg.  27  ;  where M  is  thelomiiuiisolgecti  Hatha  straight 


F>g.  27     Atmospheric  He&actioil. 


a  at  the  rajs  of  light,  which,  meeting  the  atmosphere  at  a,  are  by 
teftactJon  bent  into  the  curve  a  A;  A  m  ia  the  direction  which  the  rc- 
fiacted  ray  has  when  it  arrives  at  the  eye  of  the  obierver  at  A  i  and  A  m 
is  the  direction  in  which  the  star  will  be  seen  :  thus  the  refraction  of  * 
the  atmosphere  causes  us  to  sec  the  heavenly  bodies  apparently  higher 
above  the  horizon  than  they  are  in  n-ality.  The  body  U  may  actually 
be  beneath  the  horizon,  and  yet  be  visible  to  a  pcreon  at  A.       • 

The  atmospheric  refraction  elevates  the  apparent  position 
of  the  heavenly  bodies  most  when  they  are  ntor  the  horizon  j 
and  at  the  zenith  it  does  not  afiect  their  position  at  oil. 


OVAL   FORK  OF  THE   BUN  AND  UOOM  NEAR  THE   HORIZON. 

So.  This  remarkable  appearance  is  occasioned  by  atfnos- 
pheric  refraction.  The  upper  half  of  the  Bun  or  moon's  disk, 
as  the  case  may  be,  being  less  raised  by  refraction  than  the 
lower  half,  causes  the  vertical  diameter  of  the  dis^  to  be  les- 
sened, while  the  horizontal  diameter'  remains  unchanged ; 
hence  the  disk  appears  of  an  oval  shape. 


TWnjGHT. 

66.  Twilight  ia  that  light  which  we  enjoy  for  about  an  hoar 

and  a  half  before  the  sun  has  appeared  above  the  horizoi^  Bod 
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fi.i-  abiinl  tlio  siimc  time  after  lie  lias  set.  This  beaatiful  law 
ui' Ji:iiin-u  is  ruus<'il  liy  ihi;  ri-Jlcrfivn  of  the  eun'd  light  from  the 
Iii;:tn  r  ri'?;ioiis  of  ii»^  iiimo^iiUi'ie.  Some  time  betore  we  hare 
unv  dii'i'i't  ir:tL>^[[ii>>iuii  of  li^lit  from  ilic  j^uri,  his  beams  illu- 
minate liif  lii^liLT  ]i(iiiicnis  of  the  atmosphere,  and  then  this 
illuiiiiii.T,Ii;d  jiorlion  lr;iTi::.[iiiti  light  to  U*. 

In  I'i^'.  2S.  lit  t  i  A  li  rcjirespin  the  earth  ;  G  K  C  D  E  a  porlicn  of 
iU  alniw-iihcru  ;  A  tlic  \il:iep  of  an  obscn-cr  ;  A  R  hia  homon  ;  and  8 
thr  Euii  coiuiulcraUy  Ix'low  the  tyjriTon,  and  of  course  mvisifale  to  a  penon 


Fiy.  ;S.     Cause  of  Tivilight. 
at  A.    Mow,  thnt  portion  of  the  ntmoh-phcre  represented  by  C  B  E  D  will 
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gradnallj  swells  and  then  flows  into  harbors  and  the  months 
of  rivers  ;  this  is  called  Jlood  tide.  At  the  end  of  this  time 
the  ocean  has  attained  its  greatest  height ;  this  is  called  high 
water.  The  waters  then  begin  to  ebb  or  fall,  which  they  con- 
tinue to  do  for  a  little  more  than  six  hours,  imtil  they  arrive 
at  their  lowest  level ;  this  is  called  low  water.  Thus  the  wa- 
ters of  the  ocean,  day  after  day,  alternately  swell  and  fall  in  a 
little  more  than  six  hours ;  so  that  high  water  takes  place 
twice  in  every  24  hours  50  minutes,  this  being  the  time  which 
the  moon  takes  in  passing  from  the  meridian  of  a  place,  to 
returning  to  the  same  meridian  again.  If  the  moon  were 
stationary,  the  interval  between  high  water  of  one  day  and 
high  water  the  next  would  be  exactly  24  hours ;  for  the  same 
part  of  the  earth  would  return  to  the  moon's  meridian  in  this 
time  ;  but  while  the  earth  is  performing  a  revolution  on  its 
axis,  the  moon  advances  about  13°  iif  her  orbit,  so  tha^t  takes 
the  earth  about  50  minutes  more  to  bring  the  same  place  op- 
posite to,  or  on  the  same  meridian  with,  the  moon. 

68.  In  explaining  the  cause  of  the  tides,  we  shall  first 
speak  of  the  moon's  attraction  alone.  If  the  earth  were  an 
exact  sphere  covered  with  water,  and  if  there  were  no  exter- 
nal attraction  exerted  upon  it,  the  water  would  arrange  itself 
uniformly  over  the  surface,  forming  a  coating  like  the  rind  of 
an  orange  ;  biit  when  the  earth  is  brought  under  the  influence 
of  an  attractive  body,  like  the  moon,  this  uniformity  in  the 
distribution  of  the  water  no  longer  subsists. 

In  Fig.  29,  let  £  nipresent  the  earth  surrounded  by  water ;  M  the 
moon ;  and  S  the  sun  ;  then,  since  the  moon's  attraction  is  greatest  upon 
the  objects  which  lie  nearest  to  her,  the  water  at  a,  directly  below  the 
moon,  will  be  more  attracted  by  her  than  the  water  which  lies  farther 
off;  hence  it  is  plain  that  the  water  at  a,  beneath  the  moon,  must  be 
drawn  up,  or,  as  it  were,  heaped  up ;  now,  as  the  earth  revolves  on  its 
axis,  successive  parts  of  its  surface  must  pass  under  the  moon,  and  these 
parts  will  have  high  water  in  regular  succession.  But  for  a  similar  rea- 
son there  will  also  be  high  water  at  c  on  the  c^posite  side  of  the  earth ; 
for  the  water  at  c  must  be  less  drawn  towards  the  moon  than  the  water 
at  6  or  d^  or  any  parts  between  o  and  b,aie  and  ds  hence  it  &Uow8  that 
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Fig.  29.    ^ing  Ude  at  Now  Hoao. 

the  water  muit  be  hei^edap  toward*  c    At  iandilfhcnirin  bilmr 

It  will  now  be  readily  aeen  why  wa  ban  twin  Ugh  water  bdtvtN 


69.  We  havs  hitherto  regarded  the  ftttrBCtion  of  the  IMNB 
alone  M  the  cause  of  the  tides ;  but  this  is  not  strictif  tnHt 
for  the  BUQ'a  attraction  very  much  affects  the  magaitade  of 
the  tides. 

The  largest  tides  take  plac«  when  the  nuxni  ia  at  her  ^btaffi, 
or  at  her  full  moon ;  for  in  both  these  cases  the  alUaitiw 
forces  of  tlie  aun  aJitj  rnnon  combine  in  raising  the  watew; 
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Fig.  30  Tcprwoutg  the  tpring  tide  atJuB  moon  ;  where  S  repiaents  the 
nm,  M  the  moon  at  her  fuU,  and  £  the  earth.    Here  the  attractive 


Fiff.  30.    Spring  Tide  at  Full  Moon. 

Ibroee  Of  hoth  the  mm  and  the  moaa  tend  to  draw  the  waters  away  from 
b  and  d,  and  to  accnmiilate  them,  or  heap  them  up^  at  a  and  c. 

Fig.  31  represents  the  neap  tides  at  half  moon;  where  M  represents 
the  moon,  either  at  fiie  beginning  of  her  second  or  at  the  begixming  of 


Fig.  31.    Neap  Tides. 

ber  fSjnrth  quarter.  Here  the  attraction  of  the  smi  tends  to  diminish  the 
flow  of  the  waters  at  6  and  d,  and  hence  the  tides  at  these  periods  are 
smaller  than  at  any  other. 

Thus  in  the  course  of  a  lunar  month  we  have  two  spring  tides  and 
two  nesp  tides. 


THE  FIXED  STARS, 

NUMBER   OF   THE  FIXED    STARS. 

70.  The  namber  of  the  fixed  stars  exceeds  all  computation. 
Viewed  through  a  powerful  telescope,  the  milky  way,  or  galaxy, 
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a|ipenr5  like  great  groups  of  constellatJona.  Dr.  HenAd 
counted  GUO  ^iiirs  witliiu  the  view  of  his  telescope  at  oae  time ; 
and  in  one  jioriion  of  the  milky  way,  he  computed  that  the 
number  of  e^iurs  exc^ceded  n  quarter  of  it  million.  But  if  the 
power  of  our  tflcscopes  were  still  further  iucreaseil,  tbera 
would  be  no  limit  to  ibc  number  of  stars  which  we  nugU 
observe. 

piaTAN'CE   OF  THB  FIXED  STARS. 

71.  It  has  been  ascertained  that  the  nearest  of  the  fixed 
stars  are  at  tiueh  enormous  distances  from  as,  that  it  would 
take  their  light,  travelling  at  the  rate  of  twelve  millions  of 
miles  in  a  minute,  at  least  six:  years  in  reaching  us.  The  truth 
of  this  may  be  illustrated  in  the  following  manner:  — 

I.ook  at  two  trees  at  no  great  lUatanrc  from  you,  and  obaem  the  ap- 
piircnt  dl'^oncc  between  thorn ;  now  change  jour  podtion,  by  wellung 
(ilhiT  to  the  left  or  to  the  right,  and  ohscrrc  that  the  appoicnt  ^stance 
between  the  trees  is  decidedly  changed  {  indeed,  you  may  come  Hi  a 
position  where  the  two  trees  would  appear  as  one,  or,  inore  carectij 
t^peoldng,  in  the  same  straight  line.    Jleic,  then,  wc  conclude  that  iHiai 
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'  THE   STARS   HAVE   MOTIOJT. 

72.  The  stars  have  a  motion  through  space :  thus,  for  ex- 
ij^e,  a  small  star  in  the  constellation  of  the  Swan  has  been 

foand  to  move  annually  over  five  seconds  of  the'  arc  of  the 
heavens.  Now,  according  to  Arago,  the  distance  of  this  star 
Sroni  as  is  not  less  than  400,000  times  the  distance  of  the 
earth  from  the  sun :  in  order,  therefore,  that  this  star  should 
move  over  five  seconds  annually,  it  must  actually  travel  many 
millions  of  miles  in  this  time.  Hence  it  is  only  in  a  relative 
tense  that  we  can  speak  of  the  stars  as  being  fixed ;  abso- 
Intely  considered,  there  is  probably  nothing  fixed  in  the  uni- 
Terse. 

MULTIPLE  STABS. —  GRAVITATION  EXTENDS  TO  THE  STARS. 

• 

73.  Certain  stars,  although  they  appear  single  to  the  naked 
eye,  are  found  to  be  double  or  treble  stars  when  viewed 
through  a  good  telescope.  Stars  of  this  kind  are  very  numer- 
ous; in  120,000  stars  examined  by  M.  Struve,  one  in  every 
forty  was  found  to  be  a  multiple  star,  that  is,  a  group  of  two, 
three,  or  even  four  stars ;  indeed,  it  seems  probable  that,  were 
our  telescopes  sufficiently  powerful,  we  should  find  all  the 
stars  which  appear  single  to  the  naked  eye  to  be  really 
groups  of  stars. 

74.  In  these  multiple  stars  one  is  always  observed  to  be 
moch  more  brilliant  than  the  rest.  This  brilliant  star  in  each 
group  is  frequently  the  central  sun,  round  which  the  others  re- 
volve, in  the  same  manner  as  the  planets  in  our  system  revolve 
roand  the  sun.     These  multiple  stars,  therefore,  are  systems  of 

Uie  opposite  points  of  the  earth  *8  orbit,  it  follows  that  the  Dearest  stars  must 
be  at  least  100,000  times  192  inillioiis  of  hiiles  from  us.  Mr.  Henderson  dis- 
HMytered  that  the  star  ealled  Centauri  is  altered  in  its  apparent  position  by 
only  about  one  second ;  assuming  this  to  be  the  case,  the  distance  of  this 
«tar  from  us  must  be  about  half  a  million  of  times  the  earth's  distance  from 
the  sun.  This  angular  change  in  position  is  called  the  parallax  of  the  star. 
'Kot  matt  tlum  ten  stars  have-  at  present  been  found  to  hcve  any  parallax; 
■■rt  tot  of  tiie  star  Centauri  is  the  greatest  whieh  has  yet  been  observed. 
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worIil-1  similar  to  our  solar  system,  Uiereby  proving  that  Jhe  i 
luw  of  gravitation,  wLiuli  anitnaie*  aad  coatroU  tha  piaaatasj  ' 
bodies,  exbts  throughout  the  remote  legioDfl  of  tl»  nulwI'uJ 
spaces.  How  beautiful  it  is  tfaua  to  muk  tbv  vaUjilt  jIm 
manifested  id  the  constitatini  (/ tha  nnircne:  the  Imt  «f 
attiRction  which  causes  a  itooe  to  fitll  to  the  gnand,  wUA 
gives  the  globular  form  to  the  sum  of  the  eerth,  and  wU^ 
guides  the  planets  in  their  motion  raaitd  the  ena,  'that  tmi» 
law  binds  the  stars  to  one  another,  in  eadi  gnop  of  mnltipla 
stars ;  and  it  may  not  be  improbable  that  all  these  malda  and 
systems  of  worlds  whtdi  people  the  iauuentitj  of  apma»  are 
but  parts  of  one  grand  integral  sjMem,  whidi,  tmder  tfaa^^eet 
coDtrolling  principle  of  gravitation,  are  linked  to  ooe  aaolfaa^ 
as  well  as  to  <»)e  vast  central  man,  fixed  in  the  TifrrtTwrrfr' 
depths  of  thfliUnivene. 

"  Thtt  mr  hw  which  nuolfc  k  tmr, 

AndUdi 

That  Uw  pnwnM  ib»  «Mth  ■  9k«M, 
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on  the  eaiih  takes  in  revolving  from  li  fixed  star  to 
that  star  again. 

The  astronomical  day  is  nearij  four  minutes  longer  than 
the  sidereal  day.  This  is  caused  by  the  earth's  motion  in  its 
orbit ;  for  while  turning  on  its  axis,  the  sun  is  apparently 
advancing  amongst  the  stars,  and  hence'  it  requires  the  earth 
to  make  rather  more  than  a  complete  revolution  to  bring  the 
same  meridian  under  him. 

EQUATION   OF  TIME. 

77.  Owing  to  certain  causes,*  which  need  not  at  present  be 
explained,  the  sun  does  not  move  uniformly  amongst  the  stars ; 
and  hence  we  find  that  the  interval  between  two  successive 
noons  is  not  always  the  same.  A  clock,  therefore,  which 
keeps  true  time  wiU  not  always  correspond  with  the  time  as 
indicated  by  the  suiv  Thus,  for  example,  if  it  be  12  o'clock 
to-day  by  a  watch  keeping  true  time,  when  the  sun  is  exactly 
at  noon  or  on  the  meridian,  then  it  will  not  be  exactly  12 
o'clock  by  the  watch  to-morrow  when  the  sun  is  on  the  me- 
ridian ;  the  time  by  the  watch  may  be  a  little  before  or  after 
12  o'clock,  according  to  the  season  of  the  year.  This  differ- 
ence of  time  between  the  clock  and  the  sun  is  called  the  eqvup' 
Hon  of  time.  Almanacks  contain  the  amount  of  this  differ- 
ence for  every  day  of  the  year,  so  that  we  can  always  tell 
bow  much  before  or  after  12  o'clock  the  sun  will  be  on  the 
meridian  on  any  proposed  day. 

80LAB  YEAB.  —  JULIAN   CALENDAB. 

78.  As  the  return  of  the  sun  to  the  same  meridian  marks 
the  length  of  the  day,  so  the  return  of  the  sun  to  the  same 
equinox  gives  the  length  of  the  year. 

*  The  irregularity  of  the  sun's  apparent  motion  arises  from  the  following 
caoses :  First,  upon  the  inclination  of  the  ecliptic,  or  sun's  apparent  path,  to 
the  plane  of  the  eqxiator ;  and  secondly,  upon  the  elliptic  form  of  the  earth's 
orbitt  ifHiich  occasionB  the  earth  to  move  quicker  when  in  the  perihelion,  or 
nearert  th«  sun,  and  slower  when  in  the  aphelion,  or  farthest  from  the  mm. 
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The  BoUr  year  oonti^nB  80S  itep,  fi  hons,  48  t 
865  days,  6  hoars,  nearly.  But  u  the  commaa  or  di^  g 
consists  of  only  365  days,  tbe  solar  year  u  about  a^natta 
a  day  longer  thun  the  civil  year;  and  iherelbie,  if  Ibk  fptc  1 
always  cuaUtiued  26^  *i*y*t  tliare  mwldbe  aa  amr-of  «dif  ' 
GommiUed  ia  the  course  of  enif  fmr  yean.  KaWria  «l<r 
to  corroct  this  error,  Jalius  f^ir.  Ihn  great  Bodmb^hbi^ 
enacted  that  every  fourth  year  sbaaU  flODutof  8tf  4q»t 
this  year  is  called  leap  year,  and  tha  addltioaal  day  »  addal 
to  the  month  of  February,  mbiA  ikert&at  coiuuta  of  89  dqi 
in  leap  year.  This  mode  of  re«^kraiog  ia  callad  the  Aftn 
calendar. 


OBBOOBUK  CALnmAx. 

79.  Now,  if  the  who-  year  bad  oonartsd  of  86S  ia^t 
honrs,  exactly,  no  farther  oarreotiiMi  mndd  Iuitb  ban  «m» 
eary;  lint  tliii  in  l^n^t  1 1  minnUti  tnn  innnh.  anrf  fwiirmimllj 
tJie  Julian  calendar  introduced  an  error  of  44  ^"^^tl^  eray 
4  years,  or  about  a  whole  day  in  130  years.  Thw  crraria 
tlie  course  of  centuries  became  considerable.     Thu«,  in  th< 
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Cadidie  eoontrieB;  bot  it  was  not  adopted  in  tbis  coantry 
nntil  the  year  1759.  The  Russians^  and  other  members  of 
the  Greek  churchy  stiH  adhere  to  the  old  style,  or  the  Julian 
calendar. 

MODEL  EXERCISES. 

These  qaestipns  are  not  only  intended  to  give  an  anal- 
ysis of  the  matter  going  before,  but  also,  by  a  suggestive 
course  of  reasoning,  to  lead  the  pupil  to  reflect  and  reason 
upon  the  knowledge  which  has  been  communicated  to  him,  and 
even  in  some  cases  to  extend  it 


THE   STABS. 

Te<teher,  What  Is  the  paint  diicctly  over  our  heads  called  ? 

PvpU.  The  zenith. 

T.  What  do  you  mean  by  the  horizon  ? 

P.  That  line  all  round  us  where  the  sky  and  the  earth  appear  to  meet. 

T.  What  shape  docs  the  horizon  appear  to  have  ? 

P.  It  has  a  circular  shape,  and  bounds  our  view  on  all  sides. 

r.  What  point  in  the  heavens  is  that  which  lies  directly  below  our 
feet? 

P.  It  iB  called  the  nadir. 

T.  What  would  our  zenith  be  to  a  person  living  on  the  opposite  side 
of  the  earth? 

P.  It  would  be  his  nadir. 

7.  If  I  cut  a  globe  (say  an  orange)  into  two  equal  ports,  what  is 
each  part  called  ? 

P.  Each  part  is  called  a  hemisphere,  or  half  sphere. 

T.  What  do  the  heavens  appear  like? 

P.  A  vast  dome,  or  concave  hemisphere. 

T.  Why  do  we  not  see  the  stan  during  the  day  ? 

P.  Because  of  the  superior  Ught  of  the  sun. 

The  teacher  should  coI^mue  to  give  questiona  of  thia  kind,  taking 
core  to  vary  their  form,  until  the  pupil  is  thoroughly  master  of  the 
subject. 

CARDINAL   POINTS. 

Teacher.  In  what  part  of  the  heavens  does  the  •oniiit? 
PvpiL  He  rises  in  the  east,  and  sets  in  the  wstt. 
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T.   At  noon  the  Run  shines  einctly  upoti  the  front  of  my  hoa«j  nov 
:cll  roc  the  direction  of  the  linnt  will  of  my  borne. 
/'.   It  must  lie  in  n  line  extending  from  evt  to  west. 
T.   'What  would  be  the  direction  of  each  gible  in  thU  case? 
P.  Each  gable  wall  would  lie  in  a  line  CKtaiding  fron  Mmth  lo  notth. 


Fig.  32.    The  Catdinal  FoiDtB. 

T.  If  the  line  N  S  lies  north  and  Boutb,  and  E  W  lie*  taA  isd 
west,  how  do  thew  lines  lie  with  icspect  to  each  other  ? 

r.  The;-  lie  at  right  angles  to  each  other ;  that  is,  W  E  b  at  right 
angles  to  X  S ;  or,  in  other  words,  W  B  ii  peipnidicular  to  N  S. 

T.   Describe  the  rardinal  points  in  a  map. 

P.  The  lo])  is  nuith,  the  bottom  aoutb,  the  right  hand  eart,  and  tha 
left  hand  wwl. 
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r.  What  Btan  are  said  to  be  of  the  ^rat  magnitade  ? 
P.  The  largest  and  faiightest. 
T.  What  stars  belong  to  the  sixth  magnitude? 
P.  Those  which  are  just  visible  to  the  naked  eye. 
Proceed  wUh  the  remainder  in  the  same  manner. 


FIXED    STARS    AND    PLANETS. CONSTELLATIONS. SIGNS 

OP   THE    ZODIAC. 

Teacher.  What  are  fixed  stars  ? 

PupU:  Those  stars  'which  do  not  change  their  distances  from  one 
another. 

T,  What  are  those  stars  called  which  do  not  always  remain  in  the 
same  place? 

P.  They  are  called  planets. 

T,  Which  stars  twinkle  most  ? 

P.  The  fixed  stars. 

T.  What  do  the  planets  look  like  when  viewed  thrcmgh  a  good  tel- 
escope? 

P.   They  look  like  little  luminous  balls. 

T,  What  is  a  constellation  ? 

P.  A  constellation  is  a  group  of  stars. 

T.  What  is  meant  by  the  two  pointers  in  Charles's  Wain  ? 

P.  Those  two  stars  in  the  back  of  the  supposed  wagon,  which  nearly 
point  towards  the  polar  star. 

T.  What  is  a  celestial  globe? 

P.  A  celestial  globe  represents  the  appearance  of  the  heavens,  with 
the  different  stars  and  constellations  marked  upon  it. 

7.  What  is  the  upper  star  in  the  pointers  called  ? 

P.  It  is  called  Dubhe. 

r.  Through  what  portion  of  the«  heavens  do  the  planets  appear  to 
move? 

P.  Through  a  belt  or  band  of  stars,  containing  12  constellations, 
called  the  signs  of  the  zodiac 

T,  What  is  the  ecliptic  in  the  heavens  ? 

P.  It  is  the  apparent  annual  path  of  the  sun.    It  Is  marked  out  by 
the  constellations  of  the  zodiac 

'  T.  Why  was  the  term  zodiac  given  to  these  constcUatioDS  ?    Can  yoa 
name  the  signs  of  the  zodiac  ? 
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GKNEKAL  FSIXCIPLXB  OT  AaiMmOKt, 

Ttaektr.  ObjecU  appear  to  ui  to  bwoBe  Im  md  I^  m  tkaf  mnt^ 
tDOvcd  fnim  UK.  Give  tome  fMoitiw  fflBMndoo  «f  65a.  DModb*  A* 
appeanncc  of  a  balloon  u  it  aKench. 

Jhg>U.  Ab  the  balloon  Tins  in  tl 
and  cnuller,  until  at  loigth  it  gat 
little  la^cT  than  a  foot  balL 

T.  In  order,  theiefbTc,  to  know  tba  Tad  ue  tt  «  bodf ,  w»  mmt  ait 
oolf  obaerreits  apparent  iii^  but  we  matt  dnkwnr  in  Atanc*flHa^ 

TT     ,  111  iliiii  111  I    II  ii f  n a Iiiilghl.  ■iiiliHiiMiiMiiUrhw 

to  be  at  double  the  distance  of  the  other  i  i>hM  mold  ha  tMr  i|f>Ml 
raagmtude  ? 

P.  Theinore  distantticeirouldt^pevlBlrabonthilfthsdM^tti 
other. 

T.  ■^^'hftt  ia  the  moon  ? 

F.  A  great  globe,  not  Teiy  much  MnallK  than  thaMHlk 

T.  Why  doe*  she  appear  n  enaU  to  ua  F 

P,  BecnuK  she  ia  many  t1 

T.  If  a  balloon  were  10  n 

P.  I  should  tay  that  we  could  not  aee  it  at  dl ;  or,  tnoAwiPgiikit 
would  be  invisible. 

T.  \Mien  a  body  appear*  to  n 
in  two  ways  ;  what  arc  they  S 
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r.  Wliat  an  the  plineti  I  What  do  they  nifofare  souiid  ^  Wbatk 
the  ran  to  than  ?  Whance  do  they  deriye  their  light  and  bait  ^  Whi* 
ia  the  path  of  a  planet  round  the  sun  called } 


80LAB    8T3TEM. 

reoo^.  Give  a  fiuniliar  example  of  one  body  xevolTing  sound 
another. 

PvpiL  A  hone  levolTing  round  a  man  in  the  centre  of  a  zing. 

T.  Of  what  does  the  solar  system  consist  ?  In  what  direction  do  the 
leading  planets  lerolye  roimd  the  sun  ?  In  what  plane  do  the  orbits  of 
the  planets  nearly  lie  ?  In  what  direction  do  they  spin  round  on  their 
axes  ?  Name  the  planets  in  the  order  of  thdr  distances  from  the  sun. 
What  is  a  satellite  ?  How  many  primary  planets  are  there  at  present 
known  in  the  solar  system  ?  How  many  satellites  are  there  ?  Mention 
the  number  of  satellites  which  respectiyely  revolye  round  the  different 
planets,  &C 

T.  If  I  more  this  orange  round  a  candle,  what  would  this  rudely  rep- 
resent? 

P.  We  may  consider  the  candle  as  the  sun,  and  the  orange  as  a  planet 
moving  round  him  in  its  orbit. 

T.  Now,  while  I  keep  the  orange  moving  round  the  candle,  suppose 
1  more  this  nut  round  the  orange  in  such  a  manner  that  the  nut  shall 
make  about  12  revolutions  round  the  orange  while  the  orange  makes  one 
revolution  round  the  candle ;  what  would  this  rudely  represent. 

P.  It  would  represent  the  motion  of  the  earth  round  the  sun,  and  at 
the  same  time  the  motion  of  the  moon  round  the  earth. 

T.  What  are  comets  ?  Who  first  taught  correct  views  relative  to  the 
aolar  system }  Who  was  Pythagoras  ?  Who  revived  the  system  fizst 
tanght  by  Pythagoras  ? 


THE  EARTH  AND  ITS  MOTION.  —  FOBH  AND  S^ZX  OF 

THE  EARTH.       ^ 

Tfoeher.  Who  first  sailed  round  the  world  ? 

PupiL  Magellan. 

r.  Who  first  made  the  attempt  ? 

P.  Columbus. 

T.  If  the  earth  were  an  unboxmded  flat  surface,  what  would  be  the 
eoDsequence  of  a  vessel  constantly  sailing  from  any  place  ? 

P.  The  fiffthcr  the  vesBel  sailed,  the  &rther  she  would  gat  away  froM 
tiieplaoe* 

85 
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T.  But  ships  ncrer  fail  in  u  direct  line  from  anyplace;  how  thcscn 
Ihpy  be  Hiid  to  suil  cimstaiitlj-  b  tlio  same  dirtetioii  ? 

J'.  Shi^x  niuy  Minictinics  |;u  to  llic  light  or  to  the  left  of  thfir  dintt 
i-oiirM.',  VLt  still  llicr  ]iun>ut;  a  nrtaiu  general  direction. 

T.  Ju>t  ill  till'  raiiic  way,  )-uu  iiii^lit  say,  that  a  little  fly  ma^  man 
rmmtl  Ihia  j/Jii^r,*  tIiou);li  the  creature  may  go  in  a  xigzaj  count. 
AVliy  do  w  not  f.c  llic  hull  uhcu  a  ship  baa  sailed  some  diitoara 

I'.  Ucritu'c  the  round  port  of  the  earth's  siulace  cornea  between  u 
and  the  huU. 

T.  A^tr  ilic  hull  of  a  ship  has  disappeared,  what  should  jtni  do  to 
gft  a  .tifiht  ..r  it  ognin  ? 

]'.  I  ^lHlu]d  ^  to  the  top  of  some  high  tower  or  hill. 

T.  Wluit  i4  till-  sliu]>c  «f  the  earth  ? 

P.  It  ix  the  thapc  i>f  a  bull  or  globe. 

T.  tiuiitc  h»y,  I  (liiiik,  ju-st  snid  that  the  earth  is  round.  Kow,  the 
iilii:er  ii]irt   of  my  hut  is  round;  is  the  earth,  then,   the  shape  et 

P.  Surely  not  i  the  tart  h  in  round  in  irrry  rfirfrttwt,  but  your  hat  il 
round  only  iii  oni;  ilirnlion. 

T.  \Yhat  slmpc  docs  my  hat  now  appear  to  have  ? 
J'.  A  E«rt  of  oblong  sh'iipc. 

T.  lloiv  do  you  kiiuw  lliat  the  earth  is  round  in  every  direction! 
P.  Uccausc,  wlicri'VLT  «c  uiny  be,  we  aI«-a;-3  find  that  the  hoiizaa  hat 
mil  tliape  ;  whWli  hliiiws  that  llie  citrlli  iiiuat  Ijc  every  where  round 
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P.  Onehal£  ^ 

T.  Now,  in  this  gkme,  ererj  point  on  the  suzface  is  at  the  None  dis- 
tance from  the  Centre.  What  have  you,  then,  to  say  zespecting  the  radii 
of  a  globe  ? 

P.  That  they  are  all  equal  to  each  other. 

7*.  How  many  times  is  the  circumference  of  a  globe  greater  than  the 
diameter? 

P.  A  little  more  than  three  times.* 

T.  If  the  length  of  a  line  stretching  from  London  to  York  be  200 
miles,  how  many  times  must  this  line  be  repeated  to  go  round  the 
earth? 

P.  About  125  times ;  because  26,000  divided  by  200  gives  125. 

7.  How  long  will  it  take  a  man  to  walk  round  the  earth,  supposing 
tBat  he  travels  26  miles  every  day  ? 

P.  About  1000  days,  or  nearly  three  years ;  because  the  number  of 
miles  travelled  per  day  s=  26  miles. 

DIUBNAL  MOTION  OP  THE  EARTH.  —  LINES  UPON  THE 

GLOBE. 

Teacher.  How  much  of  the  earth's  surface  does  the  sun  enlighten  at 
onetime? 

Pvpil.  One  half. 

T.  By  what  means  is  every  part  of  the  earth's  surface  brought  within 
the  light  and  heat  of  the  sun  ? 

P.  The  earth  is  made  to  turn  round  upon  its  axis  in  the  course  of 
every  day. 

7.  (Turning  a  globe  nmnd:)  Now,  where  is  the  axis  in  this  revolving 
globe  ?    Is  there  a  real  axis,  or  only  an  imaginary  one  ? 

P.  The  axis  is  only  imaginary,  and  it  is  the  line  about  which  the 
globe  appears  to  turn. 

r.  What  have  you  now  to  say  respecting  the  axis  of  the  earth  ? 

P.  That  it  is  the  line  about  which  the  earth  appears  to  turn. 

T.  What  are  the  poles  upon  the  earth  ? 

P.  The  two  points  where  this  imaginary  axis  meeti  the  earth's  sorihce. 

T.  On  what  point  is  my  finger  now  placed  ? 

P.  On  the  north  pole. 

7.  (Tracing  the  equator  with  his  pointer.)  What  is  this  line  called, 
and  how  is  it  placed  with  respect  to  the  poles  ? 

P.  It  is  called  the  equator,  and  lies  at  the  same  distance  fhmi  either 
of  the  poles* 

^  The  ratio  commonly  given  is  8*1416. 
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7.  How  does  the  equator  diride  tlie  globe }  ^ 

P.  Into  two  equal  parts.    One  is  oalled  the  ****^**"  lMBiiqpliB%  jnd 
the  other  the  aouthem  hemisphere. 

T.  Upon  what  hemisphere  is  my  hand  now  placed  ? 

P.  The  northern  hemisphere. 

r.  Is  there  any  other  way  in  which  the  rhmgwi  of  diy  and  bS|^ 
might  be  produced  ? 

P.  Yes ;  the  sun  might  turn  round  the  earth  in  the  comne  cf  a  day. 

7.  If  a  poor  woman  wanted  to  roast  a  joint  of  mutton  bciore  tlie  fire, 
what  would  she  do  in  order  to  have  ercry  part  equally  roasted } 

P.  She  would  tie  a  piece  of  string  to  the  mutton,  and  make  it  apia 
round  before  the  fire. 

7.  Is  there  any  other  way  in  which  this  might  be  done  ?  Nov  think. 

P.  The  fire  might  be  made  to  turn  round  the  meat. 

7.  But  which  of  these  methods  is  the  better  ? 

P.  The  first  method,  certainly ;  because  it  must  be  fat  lem  tiaaUa  to 
make  the  meat  turn  roimd  before  the  fire  than  to  make  a  marhine  lor 
turning  the  fire  round  the  meat. 

7.  AVhat  should  you  say  if  a  man  proposed  to  do  this  ? 

P.  That  although  he  might  show  some  ingenuity,  yet  he  would  be  a 
very  foolish  person. 

7.  Now,  it  is  equally  ridiculous  to  suppose  that  the  ran  tuma  round 
the  earth.  It  is  too  monstrous  -for  us  to  conceive  it  poesible  that  Al- 
mighty God,  who  is  the  fountain  of  all  wisdom  and  goodness,  ooold  effect 
any  of  his  purposes  by  the  agency  of  means  which  it  would  appear  un- 
suitable, even  on  the  part  of  his  creatures^  to  employ. 


LATITUDE  AND   LONGITUDE. 

Teacher.  (Moving  his  pointer  round  the  globe.)    How  many  dcgreei 
have  I  moved  my  pointer  over  ? 

PupiL  360<». 

7.  (Moving  his  pointer  from  the  pole  to  the  cqatoO  "Bow  gttny 
degrees  have  I  now  moved  my  pointer  over  ? 

P.  90^,  or  a  quadrant. 

7.  Why? 

P.  Because  it  is  a  quarter  of  the  whole  dxeimifierenee^  and  the  quarter 
of  860®  will  be  90°. 

7.  Now,  knowing  the  circumference  of  the  earth  to  be  2ff,000  milas, 
I  want  you  to  tell  me  the  length  of  1°  ? 

P.  About  691  miles ;  because,  the  length  of  the  whole  drcmaAsmoB, 
ot  860^  being  25,000  miles,  the  length  of  I<^  will  be  tho  360tbpart  of 
30,000  nUes,  or  OO^  milaiiMBly. 


«^ 


7.  (Voting  hb  pointer  orer  a  meriduni.)    What  is  tUi  liiis  etHed  ? 

P,  It  ii  a  metidUm. 

T.  (MaYing  his  pointar  on  the  equator,  betfreeii  the  first  nwrirWan  and 
tbe  meridian  passing  thrcmgh  a  place.)    What  is  this  distance  caUad  f 

P.  The  kmgitad^  of  the  jdace  through  which  the  meridian  psspM. 

T.  (Patting  his  pointer  on  a  place  in  North  America.)  What  Idnd 
of  kmgitnde  will  this  place  haye  ? 

P.  West  longitude* 

T.  (MoTing  hia  pointer  on  a  parallel  of  latitndti)  What  is  this  Una 
called? 

P.  A  parallel  of  latitude. 

r.  Whj  is  it  called  a /NirtaM of  latitude? 

P.  Because  it  is  drawn  parallel  to,  and  even  with,  the  equator. 

T.  (Putting  his  pointer  on  a  place  in  the  southern  hemisphere.)  What 
kind  of  latitude  wUl  this  place  have  ? 

P.  South  lodtude. 

T.  Here  is  a  meridian  passing  through  a  place.  Now,  if  this  distance 
(tracing  with  his  pointer  the  distance  between  the  place  and  the  equator) 
he  35°,  what  is  the  latitude  of  the  place  ? 

P.  350. 

T.  Upon  what  line,  then,  is  the  latitude  of  a  place  measured  ? 

P.  Upon  a  meridian  line  pasang  through  the  place. 

T.  How  many  things  must  be  given  to  fix  the  position  of  a  plaoei^m 
the  earth? 

P.  Two  things  :  the  longitude  and  latitude. 

T.  Is  this  parallel  of  latitude  a  great  or  small  circle  ? 


PROBLEMS   ON    LONGITUDE. 

T^Boeher,  When  it  is  noon  at  Qreenwich,  what  time  will  it  be  to  a  place 
having  45°  west  longitude  ?    Ans,  Nine  o'clock  in  the  morning. 

7*.  When  it  is  noon  at  Greenwich,  what  time  will  it  bo  to  a  place 
having  60°  east  kmgitude  ?    Ana.  Four  o'clock  in  the  afternoon. 

T.  When  it  is  noon  with  us,  what  time  will  it  be  to  all  places  an  our 
epposite  meridian  ?    Am.  It  will  be  midnight 

T.  In  what  time  will  the  earth  turn  round  1°  ?    Ant.  4  minntaa 

Because,  time  in  moving  round  860°  =  24  houjs ; 

,^      24X60    .         ^     , 

••  ««  1°  s= mm.ss4min. 

360     ^^ 

T.  When  it  is  noon  at  Greenwich,  what  time  will  it  be  to  a  pboe 

having  40^  east  longitude  ? 

It  has  hem  shown  in  the  last  question  that  places  having  a  diffacnoe 

35  • 
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of  1°  of  longitude  niU  have  a  diffcnvce  of  four  miniitei  in  time ;  tbofr 
fbto,  a  dilTcrciR'c  of  10°  in  longitude  will  bare  tt  ^Bmoee  of  time  equal 
to  forty  times  fnur  mlnutce,  oi  two  tunm  and  ftatjr  minute*.  But  ■■  tile 
place  has  cost  longitude,  it  will  have  its  noon  befbie  lU,  and  anuequeDtlf, 
vhvn  it  in  noon  witb  u^  it  will  be  two  houn  fivty  minutea  put  nom  at 
the  place. 

T.  The  captain  of  a  sMp  finds  that  the  pointer  of  hii  clod^  kei^ang 
Gtt«nwich  time,  ia  at  four  o'elock  in  the  attemooD  when  the  ton  ii  in 
the  meridian  of  the  place  of  obaerratiim  ;  what  ia  the  Icngitude  of  the 
ahip?    Am,  60"  vtst  longitude. 

T.  If  the  pointer  of  the  elock,  in  the  Iwt  eiampl^  be  at  wrm  o'clock 
before  noon,  what  wUl  then  be  the  longitude )    Am,  TG°  a 


THE   TROPICS   AKD   ECLIPTIC.  —  THE  ZONES. 
Tforhtr.  (Moving  Ilis  puinler  on  the  trojac  of  Cancer.)    What  ii  tidi 
line  colled  ^ 

Pupil.  The  tropic  of  Cancer. 

T.  ^^'he^  does  the  sun  thine  perpendicularly  o*er  thia  Une  ? 
P.  On  our  midiiuniinet  day,  or  the  21«t  of  June. 
T.  (Moving  bin  pointer  on  the  arctic  drde.)  'What  i«  thia  line  called  J 
P.  ITie  arctic  circle. 
T.  'WhaX.  places  this  line  upon  the  globe? 
,  TTie  fnct  that,  on  our  midsumnnj-  day,  the  sah'i  light  extend*  13^° 
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ANNUAL  MOTION   OF  THE   EARTH. CAUSE    OF  THE 

SEASONS. 

Teacher.  (Moving  the  globe  round  the  candle,  &c.)  How  many  mo- 
tions has  this  globe  ? 

PupiL  It  has  two  motions :  one  on  its  axis,  and  the  other  round  the 
candle,  which  we  suppose  to  represent  the  sun. 

7.  What  are  these  two  motions  of  the  earth  called  ? 

P.  The  one  is  called  the  diurnal  motion,  and  the  other  the  annual 
motion. 

7.  AVhere  is  the  orbit  of  this  globe? 

P.  That  line  or  path  in  which  it  is  moving  round  the  candle. 

T.  (Bringing  the  globe  to  the  position  c.  Sec  Fig.  14,  p.  374.)  Now, 
when  the  earth  is  in  this  position,  what  season  have  we  ? 

P.  Simimcr,  because  the  sun  shines  more  over  the  northern  than  over 
the  southern  hemisphere. 

T.  (Uolding  a  pointer  from  the  candle  to  the  tropic  of  Cancer  c.)  To 
what  point  on  the  earth's  surface  would  the  sun  be  now  shining  perpcn- 
dioilarly  ? 

P.  To  a  point  in  the  tropic  of  Cancer. 

T.  Uow  much  on  every  side  of  this  point  will  the  sun's  light  extend  ? 

P.  It  will  extend  90°  over  the  earth  on  every  side,  because  the  sun 
enlightens  one  half  the  earth  at  one  time. 

T,  How  far  over  the  north  pole  'wdll  his  light,  therefore,  at  this  time 
extend? 

P.  As  much  over  the  north  pole  as  the  tropic  of  Cancer  is  £rom  the 
equator,  that  is,  23^°. 

And  so  on  to  the  positions  d,  t,  and  6. 


Fig.  33.    Parallelism. 

Teacher,  (Moving  a  rod  without  changing  its  direction.)    What  have 
you  to  say  with  regard  to  the  position  of  this  rod  ? 
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Pupil.  That  nlthough  it  is  being  moved  in  a  drde,  yet  it  tSU  mam- 
tains  i1«  paialleliim, 

T.  Ju-^t  in  tlie  fame  wiiy,  tdu  mii^ht  ERy,  ai  the  earth  prscrres  the 
parallelism  nf  its  axis  while  it  ri'Volre*  round  tie  gud.  WTiat  do  yon 
mean  by  tht^  paralk'lLsm  of  the  oarth's  axis? 

P.  That  it  ii>  always  purallcl  to  it£clf,  or  that  U  cmwtttiitly  lies  in  tlw 
■anic  direct  iun. 

T.  I  Moving  the  globe  round  the  candle,  with  the  axis  TerticaL)  'Why 
doe*  iliis  poiition  of  the  axis  not  account  for  the  seasonB  ? 

P.  Bceaufic  the  sun  would  alwoTs  shine  perpendicularly  orw  the 
equatai,  and  therefore  both  hemispheres  nould  always  .enjoy  the  ume 
amount  of  light  and  heal. 

T.  ^^'hat  things  are  necessary  in  order  to  account  for  tlie  aejuont  > 


The  remainder  of  the  work  may  be  dioeeted  in  the  h 


ON  THE  USE  OF  THE  GLOBES. 

THE  TERBESTRIAL  GWSK 

I^EFINITIOHS  AND  XXPLANATIONS. 

1.  A  giobi,  or  sphere,  is  a  round  bodj,  whose  surface  if 
every  where  at  the  same  distance  from  a  point  within  it  called 
the  centre. 

A  plane  passing  through  the  centre  of  a  sphere  divides  it 
into  two  equal  parts,  called  kemUpherei;  and  the  section,  or 


Fig,  1.  A  Hemisphere. 


Fig.  2.  A  Segment  of  a  Sphere. 


eat,  Ibrms  a  great  eirch  of  the  sphere.    All  great  circles  on 
the  same  sphere  are  ohviously  equal  to  one  another. 

When  the  sphere  is  cut  bj  a  plane  which  does  not  pass 
through  the  centre,  it  is  divided  into  two  unequal  parts,  and 
the  section  forms  a  small  circle  of  the  sphere.  The  size  of 
these  circles  depends  upon  the  distance  at  which  the  sphere  is 
cut  fVom  the  centre. 

If  a  ciienlar  hoop  be  whirled  loand*  it  will  dcfcribe  or  trace  out  ths 
mfMe  <if  a  nhflpe. 


Fig.  I. 
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Two  great  circles  on  a  sphere  di- 
vide each  other  into  equal  parts. 

These  circles  cross  each  other  like  two 
equal  hoops:  thxis,  thotwohoopsE  Q  and  ^| 
C  D  crora  each  othei  at  the  prants  A  and 
B,  making  A  C  B,  A  B  D.  A  E  B,  and 
A  B  (1  each  equal  to  ecmicircleB.  The  pola 
of  a  great  circle  on  a  Ephere  is  every  where 
GO  degrees  dislant  from  it. 

2.  All  circles  on  the  globe  are  eopposed  to  be  divided 
into  3G0  equal  parts,  as  in  Fig.  4, 

called  degrees.  Each  quadrant  of 
the  circle  therefore  contains  90  de- 
grees. By  means  of  tliese  degrees 
tlie  magnitudes  of  nngles  are  meas- 
ured :  thus,  for  example,  the  angle 
A  C  K,  formed  by  the  two  lines 
A  C  and  C  K,  contains  40  degrees. 

3.  The  terrestrial  globe  is  made 
to  represent  the  earth.  Upon  the 
surface  of  this  globe  is  drawn  the  onlline  of  the  land  and 


Fig.i. 
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heavens.    When  the  sun  appears  in  the  equinoctial,  the  days 
and  nights  are  equal  all  over  tlie  world. 

7.  Meridians^  or  lines  of  longitude^  are  semicircles  extend- 
ing between  the  two  poles.  These  lines  cut  the  equator  at 
right  angles. 

The  meridian  passing  through  Greenwich  is  called  the^r'^^ 
meridian. 

8.  The  brazen  meridian  is  the  circle  of  brass  within  which 
the  artificial  globe  turns  on  two  axes  representing  the  poles 

.  of  the  earth.  One  half  of  the  brass  meridian  is  graduated 
from  the  equator  to  tlic  poles,  that  is,  the  point  over  the  equa- 
tor is  marked  0,  and  the  point  over  the  poles  is  marked  90 ; 
this  enables  us  to  find  the  latitude  of  a  place ;  the  other  half 
of  the  brass  meridian  commences  with  0  at  the  pole,  and  ends 
with  90  at  the  equator ;  this  enables  us  to  elevate  the  pole  to 
the  latitude  of  the  place. 

9.  The  longitude  of  a  place  is  the  distance  of  the  meridian 
passing  through  that  place  from  the  first  meridian,  reckoned 
in  degrees  on  the  equator.  Longitude  is  either  east  or  west, 
according  as  the  place  lies  to  the  east  or  west  of  the  first  me- 
ridian. The  edge  of  the  brazen  meridian  is  usually  employed 
for  drawing  a  meridian  through  any  given  place. 

10.  Parallels  of  latitude  are  small  circles  drawn  parallel  to 
the  equator. 

The  polar  distance  of  a  place  is  its  distance  from  either  of 
ihe  poles. 

11.  The  latitude  of  a  place  is  its  distance  north  or  south 
from  the  equator,  reckoned  in  degrees  on  the  brass  meridian. 

12.  The  tropics  are  two  small  circles  drawn  parallel  to  the 
equator  at  the  distance  of  23  j-  degrees  from  it.  The  tropic 
in  the  northern  hemisphere  is  called  the  tropic  of  Cancer y  and 
that  in  the  southern  hemisphere  the  tropic  of  Capricorn, 

13.  The  polar  circles  are  two  small  circles  drawn  parallel 
to  the  equator  at  the  distance  of  23i  degrees  from  tjie  poles. 
The  north  polar  circle  is  called  the  arctic  circle,  and  the  south 
polar  one  the  antarctic  circle. 
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14.  The  s»iHS.  — The  caHk  k  Cvided  I7  th*  tra|H(i  ■! 
pobr  circles  inio  fire  paiu,  called  tks  noes.  Hie  pottkB 
Iring  between  the  irafucs  of  Caaecr  aid  Ci^rieara  ia  called 
ibe  torrid  =ont :  between  the  tnpie  of  Cmeer  and  the  arctie 
cinle,  the  north  ttmperate  =o»t ;  bctweea  iha  txopin  of  Capti- 
com  and  the  aniarctic  drde,  the  aairii  tiayrtr  aaiM;  b^ 
tweea  the  arctic  circle  and  the  aocth. pole,  the  morAJrigU 
soiu;  betireea  the  anlarctic  cirda  and  Ae  aoath  pol^  iha 
Mouth  frigid  sone. 

lb.  The  ec/tpfi'c  is  agreatORleiepreaeBtiag  thenin's^, 
parent  path  throughout  the  year.  It  paaea  thraog^  the  tnp- 
ics  of  Cuncer  and  Capricorn,  and  b  inclined  to  the  equator  it 
an  angle  of  23^  degrees.  The  two  pcnats  when  it  cota  th* 
eqnaior,  or  equinociial,  are  called  the  ttpdioetial  foinit. 

IC.  Sign$  of  the  mdiae. — The  ecliptic  is  divided  into  IS 
equal  parts,  called  the  eigns  of  the  zodiac ;  each  part  thera&ae 
contains  30  degrees.  There  are  six  northerm  ^ni  and  riz 
southern  ones.  The  sun  i^ppean  in  the  former  diiriog  aa 
spring  and  summer  months,  and  in  the  latter  daring  our  a>> 
tumn  and  winter  months.  The  Asj%  on  whidh  the  stu  Mitan 
the  difTerent  signs  are  as  follows: — 


^ir  Tks  USE  or  tsm  olobbi.  4S1 

Winter  l^gni. 

Vf    Caprioomu»t  the  Goat,  21tt  of  December, 
m    Aquarius f  the  Waterman,  20th  of  January. 
H     Pisces,  the  Fiahes,  19th  of  F^vuary. 

17.  The  equinoctial  points  (that  is,  the  two  points  where 
the  equator  cuts  the  ecliptic)  are  Aries  and  Libra.  The  for- 
mer point  is  called  the  vernal  equinox^  and  the  latter  the  ari^ 
tumncd  equinox.  When  the  sun  is  in  either  of  these  points, 
the  days  and  nights  are  equal  all  over  the  world. 

18.  The  solstitial  points  are  Cancer  and  Capricorn.  When 
the  sun  is  in  or  near  these  points,  the*  variation  in  the  length 
of  the  days  is  scarcely  perceptible.  When  the  sun  enters 
Cancer,  it  is  the  longest  day  to  all  the  inhabitants  in  the  north- 
em  hemisphere,  and  the  shortest  day  to  those  in  the  southern 
hemisphere.  On  the  contrary,  when  the  sun  enters  Capri- 
corn, it  is  the  shortest  day  to  the  people  who  live  in  the  north- 
em  hemisphere,  and  the  longest  to  those  who  live  in  the  south- 
em  hemisphere. 

19.  The  eolures  are  two  great  circles  which  pass  through 
the  poles ;  one  of  them,  called  the  equinoctial  colure,  passes 
through  the  equinoctial  points ;  the  other,  called  the  solstitial 
cohtrCy  passes  through  the  solstitial  points. 

The  principal  lines  on  the  globe,  which  have  just  been  described,  art 
represented  in  the  annexed  figure ;  thus  N  S  represents  the  axis  of  the 
earth ;  N,  the  north  pole ;  S,  the  south  pole ;  £  Q,  the  equator ;  £  Q  N, 
the  northern  hemisphere ;  £  Q  S,  the  southern  hemisphere ;  N  <  S,  a 
meridian ;  L  T,  a  parallel  of  latitude ;  L  N,  the  polar  distance  of  L; 
e  V,  the  tropic  of  Cancer;  gp,  the  tropic  of  Capricorn  ;  d  e,  the  arctic 
circle ;  /  q,  the  antarctic  circle ;  the  surface  of  the  earth  lying  between 
e  V  and  p  p,  the  torrid  Kone ;  between  e  v  and  d  e,  the  north  temperate 
aone ;  between  d  e  and  the  north  pole,  the  north  frigid  «me ;  between  yj> 
and  fq,  the  south  temperate  zone ;  and  between  /  9  and  the  south  pole^ 
the  south  frigid  zone ;  c  p,  the  ecliptic ;  C,  one  of  the  equinoctial  points; 
e  and  p,  the  solstitial  points ;  the  great  circle  N  (TS  going  xound  tha 
earth,  the  equinoctial  aolurc ;  and  N  c  S  9,  the  solstitial  oolurc.* 

20.  The  zenith  is  that  point  in  the  IvoAveas  -dk««t]j  over 
oar  hends.  ■  ,  ■  '••:.,       '"^.^ 
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21.  The  nadtr  is  that  point  in  the  heavens  which  lies  di- 
rectljr  below  our  feet. 

22.  Antipodes  are  those  people  who  live  on  opposite  rides 
of  the  earth,  and  tliercfore  walk  feet  to  feet  Their  latitndes, 
longitudes,  days  and  nights,  seasons  of  the  year,  are  all  con- 
trary to  each  other. 

S3.  The  horhojt  is  of  two  kinds:  the  sensible  or  visible 
horizon  and  the  rational  or  true  botizon. 

The  tetitible  or  visible  horizon  is  that  drde  on  the  earth 
which  bounds  our  view. 

The  rational  or  true  horizon  is  a  great  circle  of  the  heav- 
ens, every  where  90  degrees  from  the  zenith.  The  stars  rise 
and  set  when  tiiey  appear  on  this  line. 

24.  The  altitude  of  any  object  in  the  heavens  is  its  distance 
from  the  horizon.  When  the  body  is  on  the  meridian,  sndi 
as  the  sun  at  noon,  the  altitude  is  then  called  the  mtriditm 
aicilude. 

25.  Jlie  xenith  dittanee  of  a,  celestial  body  is  its  distance 
from  the  seniib. 

26.  The  quadrant  of  altitude  is  a  thin,  flexible  slip  of  brass, 
divided  upwards  from  0  to  90  degrees,  and  dowawardt  fron 
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0  to  18  degrees.  It  admits  of  being  screwed  to  the  brazen 
meridian.  The  upper  divisions  are  nsed  for  finding  the  dis- 
tances between  places  on  the  earth,  the  altitude  of  the  heav- 
enly bodies,  &c,  and  the  lower  divisions  are  used  for  finding 
the  duration  of  twilight.  * 

27.  Azimuth  or  vertical  circles  are  great  circles  passing 
through  the  zenith  and  nadir  points,  cutting  the  horizon  at 
right  angles.  The  altitudes  of  the  heavenly  bodies  are  meas- 
ured on  these  circles.  This  is  done  by  screwing  the  quadrant 
of  altitude  on  the  zenith  of  the  place  of  observation,  and  mov- 
ing the  sUd  of  brass  until  its  graduated  edge  passes  through 
the  body.w 

28.  The  azimuth  of  any  celestial  body  is  an  arc  of  the  ho- 
rizon lying  between  a  vertical  circle  passing  through  the  body 
and  the  north  or  south  points  of  the  horizon. 

29.  The  amplitude  of  any  celestial  body  is  the  distance 
at  which  it  rises  from  the  east  or  sets  irom  the  west. 

30.  The  cardinal  points  are  the  east,  west,  north,  and 
south  points  of  the  horizon. 

31.  A  mariner^ s  compass  consists  of  a  card,  representing  the 
horizon,  divided  into  thirty-two  equal  parts,  called  points  of 
the  compass,  together  with  a  magnetic  needle  which  always 
turns  its  north  pole  towards  the  north.  By  this  valuable  in- 
strument seamen  direct  the  course  of  their  ships,  and  engi- 
neers and  travellers  can  at  any  time  ascertain  the  cardinal 
points  of  the  horizon. 

The  needle  does  not  exactly  point  north  and  south.  In  England,  at 
the  present  time,  the  north  pole  of  the  needle  points  about  24  degrees  to 
the  westward  of  the  north.  In  laying  down  a  meridian  line,  an  allow- 
ance must  be  made  for  this  variation. 

The  compass  is  placed  beneath  the  artificial  globe  for  setting  it  due 
north  and  south. 

82.  The  wooden  horizon,  surrounding  the  artificial  globe, 
represents  the  rational  horizon.  It  is  usually  divided  into 
seven  concentric  circles :  the^r;^  is  for  finding  the  amplitude 
of  heavenly  bodies.    The  second^  for  finding  their  azimuth. 
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The  third  contains  the  thirty-two  points  of  the  compass*  ThI 
fourth  contains  the  twelve  signs  of  the  eodtacy  with  the  de- 
grees of  each  sign.  The^KA  contains  the  days  of  the  month, 
corresponding  to  every  degree  of  the  son's  pbice  in  the  eclip- 
tic, tis  indicated  in  the  fourth  circle.  The  sixth  contains  the 
equation  of  time,  that  is,  the  difference  of  time  between  a  dock 
and  a  sun  dial.  The  seventh  contains  the  twelve  calendar 
months. 

83.  The  hour  circle  is  a  flat  ring  of  brass,  taming  under 
the  brazen  meridian,  on  the  axis  or  pole  of  the  artificial  globe. 
It  is  divided  into  twenty-four  equal  parts,  representing  hours. 
It  b  used  for  finding  the  difference  of  time  betweelRny  given 
places,  the  length  of  the  day,  &c. 

d4.  The  declination  of  the  sun  is  his  distance,  north  or 
south,  from  the  equinoctial.  At  the  equinoxes  he  has  no  dec- 
lination ;  at  the  tropic  of  Cancer  he  has  attained  his  greatest 
northern  declination ;  and  at  the  tropic  of  Capricorn  he  has 
attained  his  greatest  southern  declination. 

35.  The  right  ascension  of  the  sun  is  the  distance  of  the 
meridian,  passing  through  the  son's  place  in  the  ecliptic,  from 
the  equinoctial  point  Aries,  reckoned  in  degrees  eastward  on 
the  equator  or  equinoctial 

36.  A  right  sphere  is  that  position  of  the  earth  where  (he 
poles  are  in  the  horizon,  and  the  equator  passes  through  the 
zenith  and  nadir.  The  people  who  live  at  the  equator  have 
this  position  of  the  sphere. 

37.  A  parallel  sphere  is  that  position  of  the  earth  where 
the  poles  are  in  the  zenith  and  nadir,  and  the  equator  eo* 
incides  with  the  horizon.  If  there  were  any  people  living  at 
the  poles,  they  would  have  this  position  of  the  sphere. 

38.  •  An  oblique  sphere  is  that  position  of  the  earth  where 
the  equator  cuts  the  horizon  obliquely.  All  the  people  on  tha 
earth  (excepting  those  that  live  at  the  equator  and  the  poles) 
have  this  position  of  the  sphere. 
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PROBLEMS  ON  THE  TERRESTRIAL  GLOBE. 

Pboblem  I.  To  find  (he  latitude  and  longitude  of  any 
given  place. 

Rule.  BriDg  the  giTen  place  to  the  east  edge  of  the  brass 
meridian :  the  degree  directlj  over  the  place  is  the  latitude ; 
and  the  degree  on  the  equator  cut  by  the  brass  meridian  is  the 
longitude. 

The  latitude  of  a  place  may  be  north  or  souths  and  the  lon- 
gitude east  or  west 

EXAXFLEB. 

1.  Whet  is  the  latitude  and  longitude  of  Paris? 
AnnoKT,    48°  50'  north  latitude,  and  V^  20^  east  longitude. 
Required  the  latitudes  and  longitudes  of  the  following  places :  — 

2.  Rome ;  3.  South  Cape»  Spitzbergen ;  4.  Malta ;  5.  Cape  Honi ; 
6.  Azores. 

7.  What  is  the  latitude  and  longitude  ^  the  nocth  pole  ? 

8.  What  IB  the  greatest  latitude  a  place  can  have  ? 

9.  What  is  the  greatest  longitude  a  place  can  have } 

10.  What  part  of  the  earth  is  that  which  has  no  latitude  ? 

Akswebs. 

(2.)  410  54'  N.  lat,  and  12"  27'  E.  long. 
(3.)  76°  32'  N.  lat.,  and  13<J  45'  E.  long. 
(4.)  ZSP  53'  N.  laL,  and  14°  30'  £.  long. 
(5.)  55<5  6^f  8.  lat..  and  67°  11'  W.  long. 
(6.)  39°  N.  lat.,  and  28«'  W.  long. 

(7.)  90° N.  lat.;  (8.)  90°;  (9.)  180° east  or  west  longitude;  (10.) 
^le  eijnator. 

Problem  II.  To  find  any  place  on  the  globe,  having  its 
latitude  and  longitude  given. 

Rule.     Find  the  given  longitude  on  the  equator,  and  bring 

it  to  the  brass  meridian ;  find  the  given  latitude  on  the  brass 

meridian,  and  the  place  immediately  mider  will  be  the  place 

required. 

Examples. 

(1.)  What  plaoe  has  20<»  north  ktitudflb  nd  76«  wert  longitude? 
Aiuwer.    The  Island  of  Cuba. 
36* 
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TVhat  places  have  nearly  the  foUo^^g  latitades  and  looptiidei! 
(2.)  64®  N.  lat.,  and  184°  E.  long. 
(3.)  30°  N.  lat.,  and  31°  E  long. 
(4.)  21°  S.  lat,  and  664°  E.  long. 
(6.)  29°  N.  lat.,  and  18°  W.  long. 
(6.)  34°  S.  lat.,  and  18°  E.  long. 

Aniicen.    (2.)  Dantzic;   (3.)  Cairo;  (4.)  laland  of  BoDzbon;  (6.) 
Canary  Islands,  Falma ;  (6.)  Cape  of  Good  Hope  town. 

Problem  III.  To  find  all  those  placet  which  have  the 
same  latitude  as  a  given  place. 

Rule.  Bring  the  given  place  to  the  brass  meridian,  and 
find  its  latitude ;  turn  the  globe  slowly  round,  and  all  places 
which  pass  under  the  observed  latitude  will  be  those  required. 

All  places  in  the  same  latitude  have  the  same  seasons,  and 
the  same  length  of  day  and  night ;  but,  owing  to  various  physi- 
cal causes,  (such  as  the  relative  distribution  of  land  and  water,) 
they  may  not  have  the  salne  temperature. 

Examples. 

1.  What  places  have  nearly  the  same  latitude  as  Constantinople  ? 
Afiswer.    Naples,  Pckin,  Philadelphia,  &c. 
What  places  have  nearly  the  same  latitude  as  the  following : 
^     2.  London  ;  3.  Alexandria ;  4.  Rome  ? 

5.  What  places  have  nearly  the  same  length  of  days  as  Malta  } 
Answers,    (2.)  Rotterdam,  &c. ;  (3.)  Ciunmin's  Island,  China,  &c. ; 
(4.)  Nova  Scotia  ;  (6.)  Cape  St.  Vincent,  Portugal,  &c. 

Problem  IV.  To  find  aU  those  placet  which  have  the 
same  longitude  as  a  given  place. 

Hule.  Bring  the  given  place  to  the  brass  meridian ;  all 
places  under  the  edge  of  the  brass  meridian,  from  pole  to  pole, 
have  the  same  longitude. 

The  people  living  in  all  those  places  which  have  the  same 
longitude,  have  noon  and  all  other  hours  of  the  day  alike. 

Examples. 

1 .  What  places  have  nearly  the  same  longitude  as  Madam  \ 
Ansu)er,    Heda,  Teneriffe,  Cape  Blanco*  &C 
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2.  What  mhafaitantB  of  the  earth  have  nearly  the  same  time  as  the 
people  of  the  Cape  of  Good  Hope } 

3.  What  places  have  nearly  the  same  longitude  as  Gibraltar  ? 
Anstoers,    (2.)  Dantzic,  Stockholm,  &c  ;•  (3.)  St.  David's  Head, 

Wales,  &c 

Problem  Y.     To  find  the  distance  between  two  places. 

Rule.  Laj  the  edge  of  the  quadrant  of  altitude  o?er  the 
two  placesy  so  that  the  point  marked  0  may  be  over  one  of 
them ;  then  the  number  of  degrees  over  the  other  place  will 
give  the  number  of  degrees  that  they  are  apart. 

Multiply  the  number  of  degrees  by  60,  and  the  product  will 
give  the  geographical  miles ;  or  multiply  the  number  of  de- 
grees by  69-{\fy  and  the  product  will  give  the  dbtance  in 
English  miles. 

'  Or,  take  the  distance  between  the  two  places  with  a  thread, 
apply  that  distance  to  the  equator,  and  it  will  show  how  manj 
degrees  are  contained  in  the  distance. 

Examples* 

1.  What  is  the  distance  between  London  and  Madeira  ? 

Antwer.  About  22^^,  or  13^0  geographical  miles,  or  about  1£^4 
•Rngiifih  miles. 

What  is  the  distance  between  the  following  places  ? 

2.  London  and  Ckmstantinople. 

3.  Cape  Verd  Isles  and  the  Cape  of  Good  Hope. 
-    4.  London  and  Petersbaig. 

5.  What  is  the  distance  of  Land's  End  fiom  Jamaica  ? 

6.  Suppose  a  ship  to  sail  fi^om  Liverpool  to  Madras  in  the  following 
track:  from  Liverpool  to  Cape  Yerd  Islands,  thence  to  St  Helena, 
thence  to  the  Cape,  thence  to  Mauritius,  thence  to  Ceylon,  and  thence  to 
Madras ;  how  many  English  miles  are  there  in  the  voyage  ? 

Answers. 

(2.)  1320  geog.  miles,  and  1535  Eng.  miles. 
(3.)  3900  geog.  miles,  and  4491  Eng.  miles. 
(4.)«1140  geog.  miles,  and  1312  Eng.  miles. 
(5.)  3840  geog.  mOcs,  and  4421  Eng.  miles. 
(6.)  About  185^  or  11,100  geog.  miles,  or  about  12,783  Eng.  miles. 

Probleu  VI.     The  hour  of  the  day  being  given  at  one 
placsy  to  find  what  hour  it  is  at  any  other  place. 
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Rir.K.  Itrin;;  tti«  place  at  which  the  time  is  given  to  flie 
brn^A  nieri(]iiiii ;  Kct  the  hour  index  to  (he  given  hour;  tam 
tlx'  glulx:  until  tli<:  otlier  place  is  brouglit  under  the  braaa  me- 
ridian, mil]  the  indi'S  will  point  to  the  required  time. 

Or  tkut  by  cuii-utatioii.  Fiud  tlie  difference  of  longitude 
between  tin;  two  jjbce^,  allow  an  hoar  for  every  15  degreec, 
and  four  minuted  of  time  for  every  degree,  and  the  lime  thus 
obmiimd  will  give  the  dilTcrenee  of  time  between  the  two 
places.  If  the  place  at  which  the  time  ia  required  lies  to  the 
eu-:t  of  the  other  place,  this  difference  of  time  most  be  added 
to  lind  tlie  time  at  the  place  required ;  but  if  to  the  west,  it 
laast  l>c  subtrucled.  See  Astroitokt,  Art  22,  and  EXeb- 
cisna,  p.  413. 

1.  AVhcn  it  U  4  o'ttock  in  the  aftemocm  at  London,  what  time  it  it  tf 
PetenbuTg  ? 

AiDieer,     Six  o'clock  in  the  erening. 

ttr  thua,  mare  accurately,  by  caladation.  The  dlSeiGnce  of  longitude 
bMwcm  London  and  Pctenburg  is  30"  2S'.  Here  the  30  degteei  exod- 
ly  give  2  houn  dilfercnce  of  lime,  and  to  eonT«R  the  ranaiaing  35'  into 
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K0W9  «i  PhilMMpliia  lies  to  the  west  of  Aisundm,  the  tngie  of  the 
Ibrmar  plaee  will  be  7  houze  2^  nm*  earlier  than  it  is  at  the  latter  place; 
hence  the  time  at  Philaddphia  will  be  67|  miii.  pest  5  in  the  morning. 

3.  VThen  it  is  4  o^cIock  in  the  aftenioon  at  Cape  Horn,  what  time  la 
It  at  the  Island  of  St.  Helena  i 

4.  When  It  la  10  o'dfidL  in  the  monilng  at  Nankin,  in  China, 'What 
time  is  it  ai  P^mointh,  England  ? 

Akswsbs* 

(3.)  6  mifi.  pa«t  8  o'clock  in  the  ftvemng  nearly. 
(4.)  i  past  1  o'clock  in  the  morning  nearly. 

Problem  VII.  Given  tie  difference  cf  time  at  emg  two 
places  tojind  their  difference  ofmigitude. 

Rule.  Bring  the  firtst  meridian  to  the  brass  meridian ;  set 
the  hour  index  at  12  o'clock ;  turn  the  globe  until  the  given 
time  is  brought  under  the  brass  meridian ;  and  the  degree  of 
the  equator  cut  bj  the  brass  meridian  will  be  the  difference 
of  longitude. 

Or  thus  by  calcidaHon.  Allow  15  degrees  difference  of  lon- 
gitude for  every  hour  in  the  difference  of  time,  or  1  degree 
for  every  4  minutes  of  time. 

Examples. 

1.  When  it  is  noon  at  a  certain  place,  it  is  8  o^clock  In  the  morning  at 
London ;  required  the  longitude  of  the  place. 

Antwer/    60^  east  longitude. 

Or  thus  by  calculation.    Here  the  difference  of  time  is  4  hours. 
Difference  longitude  ==  4  X  1^  <=»  80  degrees. 
Aa  the  time  at  London  n  before  that  of  the  place,  it  Mkm§  that  it 
must  hare  60  degrees  east  longitude. 

2.  When  it  is  10  o'clock  in  the  morning  at  London,  at  what  places 
wiUitbe  soon? 

8.  What  places  wiU  have  noon  7  hours  6d  min.  before  London  ? 

AXSWEBS. 

(2.)  To  an  phwes  having  30®  E.  long,^  —  Petersburg,  &c 
(8.)  To  an  places  having  118|°  E.  long.,  —  Nankin,  &c 

Problem  VIIL  To  fnd  the  length  of  a  degree  in  cmg 
given  paredkl  of  latittule. 


■130       NATTRAL  ASD  KxrERiMiWTAL  pmi.osornT. 

Uii,F,.  Lay  tlic  vii<-a  of  the  quadruit  of  altitado  pamUfl 
to  ilif  c-i[iiaU)r  lictwi-i-n  any  two  meridians,  (15  degrees  of 
IoiigiiuJ<^  Lipitrt :)  llieii  lite  number  of  degrees  interce|)ted  be- 
tween llu'ni,  mult  ijilitd  by  4,  will  give  the  number  of  geograpb- 
ital  inilt's  ccuiljiined  in  n  degree  of  the  given  parallel  veiy 
nearlj'.  To  ti till  Ilic  number  of  English  miles,  multiply  the 
gcogriipliical  miles  by  01>.l  and  divide  by  60. 

1 .  now  many  }n;op'npliical  tmd  Englidi  mila  are  thoe  contained  in 
a  Acsnx  iii  the  latiludc  i>(  40"  f 

Una  the  di>tiiiioc  Utnccir  two  mnidiana  (IS  degrea  apart]  in  iLe 
parulkl  of  iO°,  U  Hi  degr"'*  of  tlicT?quBtor  nenrly  ;  haKcwehare 
Ixaigth  of  1.)  degrees  longitude  on  pnralld  40" 
=  Hi  dc;;reC5  of  the  equator 

=  114  X  ''iJ  geognii)hicnl  miles  ;  • 

Length  of  one  dogruu  lougitude  on  parallel  40° 
11*  X  IJO 
— y. —  =  1 14  X  4  =  16  gcog,  milea 

= — —  Eng.  milefl  =r  62.07  Eng.  miles. 

How  mojiy  pc<^n|>liical  and  English  miln  aie  there ccmtHned  ibi 
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EXAMVLBS. 

1.  Hequired  the  antipodes  of  London. 

An9wer,    Antipodes  Island,  near  the  L^land  of  New  Zealand. 

Required  the  antipodes  of  the  following  places :  2.  The  Island  of 
Bermudas;  3.  Cape  Horn ;  4.  Cape  of  Good  Hope ;  5.  the  Azores. 

Answers.  (2.)  The  south- west  part  of  New  Holland ;  (3.)  the  east 
of  Lake  Baikal;  (4.)  the  north  of  the  Sandwich  Islands;  (5.)  cast 
of  Cape  Howe. 

Problem  X.     To  rectify  the  globe  for  a  given  place. 

Rule.  Elevate  or  raise  the  corresponding  pole  as  many 
degrees  above  the  wooden  horizon  as  are  equal  to  tbi  latitude 
of  the  place.    See  Astronomy,  Art.  28. 

If  the  globe  be  now  turned  round,  so  as  to  bring  the  place 
to  the  brass  meridian,  it  will  be  seen  that  the  place  occupies 
the  zenith  of  the  globe ;  that  is  to  say,  the  wooden  horizon 
forms  the  true  horizon  to  the  place. 

Problem  XI.  To  find  the  sun's  place  in  the  ecliptic  for 
any  given  day. 

Rule.  Find  the  month  and  the  mark  corresponding  to  the 
day  of  that  month  in  the  outer  circle  of  the  wooden  horizon ; 
then  the  coincident  mark  in  the  circle  containing  the  signs  of 
the  zodiac  will  give  the  sun's  place  in  the  ecliptic,  which  may 
then  be  found  upon  the  globe. 

Problem  XII.  To  find  the  sun's  declination  for  a  given 
day  of  a  given  month,  and  to  find  the  places  to  which  the  sun 
will  be  vertical  on  that  day. 

RuLE^.  Find  the  sun's  place  in  the  ecliptic  for  the  given 
day,  (Prob.  XI. ;)  bring  that  point  of  the  ecliptic  to  the  brass 
meridian,  and  the  degree  directly  over  it  on  the  brass  merid- 
ian is  the  declination  north  or  south.  Turn  the  globe  round, 
and  every  place  which  passes  under  that  degree  of  the  brass 
meridian  will  have  the  sun  vertical  on  that  day. 

The  declination  of  the  sun  obviously  gives  the  latitude  of 
the  places  which  will  have  the  sun  verticaL 

The  son  can  only  be  vertical  to  places  lying  within  the 
torrid  zone. 
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EXAXFLES. 

I.  Rnquiri^d  ilic  dfclination  of  the  Bun  on  th*  lltb  of  Jnlf.  TTlut 
vill  be  the  lutitude  of  the  places  to  wtiiclk  the  fim  will  be  TOtiMl  ta 
thuc  day  > 

.-JiMici-r.  22°  noith  declination;  and  23°  Danh  latitude,  Tiin  It 
«nd,  Cfltlosat,  S.-C. 

To  find  iliu  declination  and  the  ploca  to  which  he  wiU  be  TOtlcal  w 
thcibllowing  days:  — 

•i.  UdofOclolxTj   3.  24thof  Jul;;   «.  lOth  of  Juiuaryi   G.  lOtbof 

Aruietrs.     (2.)   i'  touth  decl.,  and  i^  aouth  Utitnde> 
(3.)   2»"  nonli  dcfl.,  and  20=  north  latitude. 
(4.)   22'  euutli  dcvl.,  and  22°  couth  latitude, 
(o.)   33'  north  duel.,  and  23°  north  latitude. 

PitODLEJt  XIII.  To  fnd  the  hour  at  which  tht  mn  vim 
and  sets  at  a  i/ireit  place,  for  any  given  day. 

Kui.E.  liet-lil/  tiic  globe  for  the  latitude  of  the  place. 
(sco  Prob.  X. :)  find  the  eun'ii  place  m  the  ecliptic,  {set 
Prob.  XI.,}  and  bring  it  to  liie  brass  mcridiim.  Set  the  in- 
dex of  the  lioiir  circle  to  XII. ;  turn  the  globe  till  the  bud's 
place  coined  to  tbc  eastern  edge  of  the  wooden  horizon,  aal 
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t.  What  is  the  length  of  the  longest  day  to  the  inhabitants  of  Pazis } 
At  what  distance  from  the  east  point  of  the  horizon  does  the  sun  zise  on 
this  day? 

4.  Show  that  the  day  is  always  12  hours  long  to  the  people  liTing  at 
the  equator.  Show  that  the  2l6t  of  June  is  the  bngest  day  to  the  in- 
habitants of  the  northern  hemisphere,  and  that  the  21st  of  December  is 
their  shortest  day. 

Required  the  length  of  the  shortest  day  to  the  inhabitants  of  the  fol- 
lowing places :  5.  Edinburgh ;  6.  New  York. 

Answers.  (2.)  Rises  |  before  6,  and  sets  i  after  6 ;  amplitude  5^ 
north  of  the  east  point;  (3.)  Length  of  the  day  16  hours,  and  about 
37^  north  of  the  east  point;  (5.)  6^  hours;  (6.)  9  hours. 

Problem  XIV.  To  find  the  sun's  meridian  altitude  ai  a 
given  place  on  a  given  dag, 

m 

Rule.  Eectify  the  globe  for  the  latitude  of  the  place ; 
bring  the  sun's  place  in  the  ecliptic  for  the  given  day  to  the 
brass  meridian ;  count  the  number  of  degrees,  on  the  brass 
meridian,  between  that  place  and  the  horizon  for  the  meridian 
altitude  required. 

Or  thus.  Find  the  declination  of  the  sun,  and  add  it  to  the 
co-latitude  of  the  place  when  the  declination  and  latitude  are 
of  the  same  name,  but  subtract  it  when  thej  are  of  different 

names. 

Examples. 

1.  What  is  the  sun's  meridian  altitude  at  London  on  our  midsununer 

day? 

Answer.  62^.  This  is  the  greatest  elevation  of  the  sun  above  tha 
horizon  of  London. 

Or  thus  by  calculation.  Here  the  declination  and  latitude  are  of  the 
lame  name.  On  this  day  the  declination  of  the  sun  is  23i^  north,  and 
the  co-latitude  is  90<'  less  by  51^'',  or  38i<' ;  hence  the  meridian  altituclp 
CB  SSi®  -f  23i  =  62<'. 

2.  What  is  the  sun's  meridian  altitude  sX  London  on  our  midwinter 
day? 

.    Answer*   16^.    This  is  the  least  meridian  altitMde  of  the  sun  tp  the 
inhabitants  of  London. 

Or  thus  by  calculation.  Here  the  declination  and  latitude  have  dif- 
ferait  names.  In  this  case,  therefore,  we  have  the  meridian  altitude  aa 
^  — 2Mf?U(>. 

87 
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iLl  ).r-  111.'  miTiilmii  alt'tudc  of  tbi:  «un  on  the  2lEt  of  Jnne 
iii^  jilaui"--  ;i. 'llicnoithpole;  fi.  Tlie  aictie  cucle;  7.Tbt 
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Pitimi.KM  XV.  7o  j!ttd  the  altitude  of  the  lun  al  any 
firm  /liiirr  iiivi  huur ;  and  alto  hit  azimuth. 

liri-r.  Hi-iiUy  tlie  <:lobe  lor  tlic  latitude  of  the  given 
ilui'i':  lii'iii;^  till.'  .~\\\\'f,  i>Ui:c  to  tiie  brass  meridian;  eet  the 
ikIi-^  Id  XU.  :  Hint  lliii  glubu  till  ihe  index  poiiiU  iLt  ttte 
jivrii  lumr:  lix  (In- (|ii;iilrniit  of  ultitmle  on  the  brass  rnerid- 
nil.  111  ilii'  (li'j^rr'o  <ii'  hiiiiuclo  of  the  given  pluce,  und  lay  iti 
?ilj:i'  ovi'r  ill.;  su[i"s  jihioe  ;  then  count  the  numlicr  of  degree* 
)n  (III'  i|uaiIiMiit  liutwccn  thi^  point  mid  the  vooden  tiorimiit 
itiil  il  will  irivi'  ilii'  iiliiliule  required, 

'I'lic  ilisiiince  (if  the  i>oirit,  where  thr.  edge  of  the  quadrant 
"  ituOi- nils  (lie  wooden  horizon,  from  the  north  or  eoqeIi 
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bring  the  given  place  to  the  brass  meridian ;  set  the  index  to 
the  given  hour ;  turn  the  globe  till  the  index  points  to  XII. 
noon ;  then  all  the  places  under  the  brass  meridian  will  have 
noon  at  the  given  time,  and  the  place  whose  latitude  is  the 
same  as  the  sun's  declination  will  have  the  sun  vertical. 


1.  To  what  place  will  the  sun  be  nearly  vertical  on  the  6th  day  of 
Fdxruary,  when  it  is  23  minutes  past  noon  at  London  ? 

Anawer.    The  Island  of  St.  Helena. 

2.  To  what  place  will  the  sun  be  nearly  vertical  on  the  30th  day  of 
April,  when  it  is  34  minutes  past  1  o'clock  in  the  afternoon  at  London  ? 

Anawer,    To  the  Island  of  St.  Jago,  one  of  the  Cape  Verd  Isles. 

3.  When  it  is  40  minutes  past  6  o'clock  in  the  morning  at  London 
on  the  25th  of  April,  where  is  the  sun  vertical  ? 

Antwer,    Madras. 

4.  When  it  is  4  o'clock  in  the  afternoon  at  London  on  the  18th  of 
August,  where  is  the  sun  vertioJ  } 

Answer.    Baxbadoes. 

Problem  XVn.  A  place  vntkin  the  torrid  zone  being 
given^  to  find  those  two  dayt  of  the  gear  on  which  the  sun  will 
be  vertical  to  the  given  place, 

KuLE.  Bring  the  given  place  to  the  brass  meridian,  and 
observe  its  latitude ;  turn  the  globe  on  its  axis,  and  mark  what 
two  points  of  the  ecliptic  pass  under  that  latitude ;  seek  those 
two  points  of  the  ecliptic  in  the  circle  containing  the  signs  of 
the  zodiac,  on  the  wooden  horizon,  and  opposite  to  them  will 
be  found  the  days  required. 

Examples. 

1.  On  what  t^'o  days  of  the  year  will  the  sun  be  vertical  to  the  in- 
habitants of  St.  Helena  ? 

Answer,  On  the  6th  day  of  February,  and  on  the  6th  day  of  No- 
vember. 

2.  On  what  two  days  of  the  year  will  the  sun  be  vertical  to  the  inhab- 
itants of  Madras  ? 

Antwer.  On  the  25th  day  of  April,  and  on  the  18th  of  August. 


1S6         MATUJ 

Pkoblex  XVIIL  n4  Amt  ma  A*  W^r  #t>iM»  flT* 
jyartieular  place,  tojmd  iht  plaem  mUfv  (if  mm  <•  Hm  wimg 
or  aetting,  and  when  it  it  atws  vr  midaigkL  4 

BuLE.  Rectifr  the  globe  for  dw  iMJtada  «f  lbs  tfna 
place ;  find  (by  Prob.  XVI.)  ths  pheo  to  wUA  ^  urn  ii 
verlical  at  tLe  given  time,  and  bring  that  pheo  to  lbs  laHi 
meridian ;  then  oil  places  on  the  weiteni  edge  of  tbe  wooden 
horiEon  will  have  the  sua  rising ;  all  those  on  the  i^itni  ii  tadge 
will  have  him  setting ;  all  those  plates  under  4t  i>9PV  talf 
of  the  brass  meridian  will  have  nooo ;  and  all  tfatM  BSder  the 
lower  half  of  the  brass  meridian  viU  hare  a 

1.  When  it  U  52  mimitea  pwt  4  o'de^ia  ftaMMMlBfaHiiBlM-a 
the  Sth  of  March,  at  what  places  iitLaMmtIiCBiUa(«raMris^«l 
whae  U  it  noon  or  midnight? 

Aniatr.  The  gun  ia  riling  it  the  TriilliiTlii  ITwia,  TSIiiJMf.is  | 
main;/  at  the  eastern  const  of  Tf.^i— v-«»f,  brtw—  the  Kk^Ofmi 
Society  Islands,  &c.  i  noon  at  Sunds lalandt,  CocUn  ClBDa,Ce>{  mtt- 
night  at  New  York,  St  Domiiigo,  feo. 

3.  Wha«ii  theauniuiiig,MttIng,Ae.,irlMilt  b4  i/ftak  kAl 


1 
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dinriMd  mtc  abovv  the  horixon  will  alwajs  be  equal  to  that 
which  is  below  it  The  whole  of  the  heavens  may  be  seen  at 
the  equator  in  the  course  of  a  day ;  and  in  the  course  of  the 
year  all  the  stars  in  the  heavens  may  be  seen ;  whereas,  at 
the  polesy  only  one  half  of  the  heavens  can  be  seen.  On  the 
equinoxes  the  sun  passes  directly  over  the  heads  of  the 
people  at  the  equator ;  when  the  sun  is  in  the  northern  half 
of  t^e  ediptici  at  noon  his  aspect  is  north ;  and,  on  the  con- 
trary, when  the  sun  is  in  the  southern  half  of  the  ecliptic,  at 
noon  his  aspect  is  south. 

2.  7^  parallel  q^here.  The  people  at  the  north  pole,  if 
there  were  any  living  there,  would  have  this  sphere;  the 
north  polar  star  in  the  heavens  would  appear  exactly  over 
their  heads.  To  place  the.  artificial  globe  in  this  position, 
elevate  the  north  pole  9(P  above  the  horizon,  or,  what  is  the 
same  thing,  make  the  equinoctial  to  coincide  with  the  wooden 
horizon. 

At  the  poles,  during  six  months  of  the  year,  the  sun  shines 
without  setting,  and  during  the  other  six  months  he  never 
appears  above  the  horizon.  On  the  21st  day  of  March,  when 
the  sun  is  in  the  vernal  equinox,  he  will  be  seen  by  the  people 
at  the  north  pole  (if  there  were  any)  to  skim  along  the  hori- 
son ;  and  as  the  sun  increases  in  his  northern  declinaUon,  he 
will  i^pear,  day  after  day,  to  rise  higher  above  the  horizon, 
until  he  attains  his  greatest  northern  declination,  (23i%)  and 
then  his  elevation  above  the  horizon  will  be  23il^,  that  is,  it 
will  be  equal  to  his  declination  ;  after  this,  he  will  gradually 
decrease  in  his  altitude,  until  lie  arrives  at  the  autumnal  equi- 
nox, when  he  will  again  appear  to  skim  along  the  edge  of  the 
horizon ;  so  that  he  will  have  been  six  months  above  the 
horizon  without  setting ;  after  thb  he  will  totally  disappear 
for  six  months.  But  there  will  be  twilight  until  the  sun  is 
18^  below  the  horizon,  —  that  is,  until  he  has  attained  18° 
south  declination.  The  same  thing  will  take  place  with 
respect  to  the  south  pole,  bat  with  this  difference ;  while  the 

57  ♦ 
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sun  sbinca  upon  ilic  north  pole,  he  will  b«  inTuible  to  the 
Eup)iosC(l  ptuplc  ul'  the  south  pole,  and  vice  vend. 

A  spi'clutor  nt  tht  north  pole  can  only  see  the  stara  in  the 
nortlKTii  li(.'mi?ph(;re,  or  Ilio^c  Blars  which  lie  on  the  north  of 
thi<  ciiuiiiiK'tiiil. 

3.  The  uUiqiie  spkert.  All  people  living  on  the  earth, 
excepting  ihosu  ut  the  equutor  and  poles,  have  this  position  of 
the  sphere.  In  tliU  cu.'se,  the  horizon  cuts  the  equator  ob- 
liquely. To  pliu-e  the  iirtiticial  globe  in  this  position,  elevate 
the  north  or  south  ])ole,  oi  tlie  case  may  be,  to  the  latitude  of 
the  place  ivliei-t;  we  insiy  conceive  a  Epectalor  to  be  placed. 
Let  us  HU])|>o.'ie,  for  example,  that  the  north  pole  is  elevated  to 
the  hitiluJi-  of  Luixlun. 

To  the  podple  living  at  London,  for  six  months  of  the  year, 
the  Jjiys  an;  niorf  tlian  twelve  hours  long,  and  for  the  re- 
niuining  si\  muntlis,  they  are  less  than  twelve  hours  long; 
thiit  is  to  sny,  from  the  2Ist  of  Alarch  to  the  22d  of  Septeio- 
bcr,  when  the  sun  is  on  the  northern  side  of  the  equinoctial, 
the  diiys  are  more  than  twelve  hours  long;  and,  on  the  cod- 
trary,  fi-om  llie  22il  of  September  to  the  2l9t  of  March,  when 
of  the   equinoctial,  the  dai^ 
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21st,)  and  then  the  days  will  be  at  their  shortest  with  us,  bnt 
at  their  greatest  length  to  t]^fcpeople  of  the  southern  hemi- 
sphere ;  afler  this,  our  days  increase  in  length,  and  when  the 
sun  again  arrives  at  the  vernal  equinox,  the  days  and  nights 
are  again  equaL 

The  duration  of  twih'ght  is  greater  with  us  than  it  is  at  the 
equator,  because  the  diurnal  arc  of  the  sun  cuts  the  horizon 
obliquely,  which  causes  him  to  take  a  longer  time  to  get  18^ 
below  the  horizon ;  whereas,  at  the  equator,  the  sun  sinks 
perpendicularly  below  the  horizon,  .which  tends  to  shorten  the 
duration  of  twilight 

The  people  that  live  in  the  nortliern  hemisphere  can  never 
see  those  stars  which  lie  towards  the  south  polar  star,  and  the 
people  in  the  southern  hemisphere  can  never  see  those  stars 
which  lie  towards  the  north  polar  star ;  but,  as  already  ob- 
served, a  person  at  the  equator  may  see  all  the  stars  in  the 
heavens  in  the  course  of  the  year. 

Problem  XX.  Any  place  in  the  north  frigid  zone  being 
given,  to  fnd  how  long  the  sun  shines  there  without  setting^ 
and  how  long  he  is  invisible. 

Bulb.  Rectify  the  globe  to  the  latitude  of  the  place; 
bring  the  ascending  signs  of  the  ecliptic  (the  signs  going  be- 
fore Cancer)  to  the  north  point  of  the  horizon,  and  observe 
wliat  degree  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden  horizon  the  day  and  month  corresponding  to  that 
degree ;  then  from  that  day  the  sun  begins  to  shine  without 
Betting.  Now,  bring  the  descending  signs  (the  signs  coming 
after  Cancer)  to  the  north  point  of  the  horizon,  and  observe 
what  degree  of  the  ecliptic  is  cut  by  that  point ;  find  on  the 
wooden  horizon,  as  before,  the  day  and  month  corresponding 
to  that  degree ;  then,  on  that  day,  the  sun  ceases  to  shine 
without  setting.  By  proceeding  in  the  same  manner  with  the 
southern  point  of  the  horizon,  we  may  find  the  beginning  and 
end  of  the  period  during  which  the  sun  is  invisible. 
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i;j-:i:ii:i','.  How  )o:vi  will  iV.^  *M\\  f\:lao  \rithout  Eettir.g  to  the  iiili«!>- 
ita::'.-ii!"  tliiXi.rt'.i  l':i[iC,  hi  blitufli;  Tli^"  north? 

.t.,..:-  f.  'n.,'s;;!i  l.-.'^-liis  Ui  fl-.ii; /eontiiiually  on  the  llih  of  May. 
i-i  1  ii'u-.  ■<  !.■  Nliiii-  i-n!;tiiiunllj-  mi  the  30Ih  of  July.  The  longest  Jij- 
;■>.  ;'.i'iiti<ri'.  77  il.iv>  lut::: :  ik^t  U  lu  foy,  the  gun  Ehincs  nilhout  inting 
I. :  77  (liiv-i.  'I'lir  ji  ri-.-.rl  (Itiriu^  ivhirh  the  nm  will  be  invisible  cxteni 
fiidii  thi'  liiili  of  N>>t'i'iii1iiT  li'  tlic  27th  of  January.  The  longest  iiifht 
is  thruUr.:.  7:|  tl.n-'  l'':i'^:  ili:it  i:>  to  fay,  thi:  Sun  is  neret  N«ii  by  tbi 
iiiJialitar.ti  if  lid-  iiIj.'j  I'ur  tl'.t  pLiioJ  of  73  day* 

PiiOi!i-r.M  XXI.      To  fiitdtht  legiiiithiff  and  end  of  twi' 

V^lil  al  (I  ahii}  jildce  on  ant/  given  day. 

RiLi:.  Iti^iily  Ihe  globe  fur  tli3  latituJe  of  the  place; 
briii;^  the  ?imV  ^V.wii  in  tha  ecli|ilic  o:i  llic  given  Jay  to  (he 
brnss  iin'ii'li'iii ;  -^-t  ilii-  liotir  cirok  to  XII. ;  screw  ibc  qu!i>l- 
rniil  of  ziliihi.k'  ii[iuii  the  iira^s  mi.-rtJi:iii  over  thu  given  luii- 
;mle ;  turn  th.'  gluUe  wi^iiiv.ird  till  ihe  riuii's  pljicu  comes  to 
llic  wf^lvni  i.'ilj;e  of  tlu!  wuodt-ii  liorizonj  then  the  Lour  circle 
v.-ill  ^lioiv  tlic  lime  of  llie  siin's  selling,  or  the  beginning  of 
f.Tiiin;;  tivili^lit;  ctHilinue  the  moti:in  of  the  glob.;  till  ihfl 
nil's  nl;ici;  roi;ii.'ii|cs  wjili  18  dcgroi's  on  the  Cjuitilrniit  of  nlii- 
nuii'.  bi.'I'.iw  ilii'  lio:'i;iL)ti;  ilicn  the  Lour  cii-cle  will  show  I  ha 


0«  TBS  UB  or  XSS  GXOBKS.  HI 


Problem  X\1j.  Given  tke  mth*s  meridian  altitude^  and 
the  day  ^tk€momAyioJaH[tkekUihide  of  the  plate. 

Rule.  If  ihe  sun  was  south  of  the  observer  when  the  alti- 
tude was  takeiii  bring  the  bud's  place  in  the  ecliptic  to  the 
Boi^  side  of  the  hnss  aoBridian ;  saove  the  brass  meridian  (ill 
the  avh'a  flkise  ii  raised  abo^e  the  horium  equal  to  the  given 
meridian  altitude ;  then  the  elevation  of  the  north  pole  will 
give  the  latitude  of  the  place.  If  the  sun  was  north  of  the 
observer  when  the  altitude  was  taken,  proceed  in  the  same 
manner,  with  this  exception,  that  the  sun's  place  must  be 
brought  to  the  fx»^  side  of  the  brass  meridian,  and  the  eleva- 
tio&  of  the  TOUth  pole  will  give  the  latitude  of  the  place. 

1.  On  the  21it  of  June,  the  meridian  altitude  of  the  sun  was  obsenred 
to  be  69i°,  and  south  of  the  observer ;  required  the  latitude  of  the  place. 

Annoer.     44^  north  latitude. 

^.  On  the  2lBt  of  December  Bx  meridian  altitude  of  the  «un  was  ob- 
Mr««d  to  be  ^5°,  and  south  of  the  observer;  required  the  latitude  of  the 
place. 

Antioer,    41}^  north  latitude. 

3.  On  the  10th  of  May  the  meridiaa  altitude  of  the  sun  was  observed 
to  be  3a°«  and  sortfa  of  the  observer;  required  the  latitude  of  the  place. 

jbmoer.    42«  25'  south  hititud& 

Problem  XXm.  To  find  the  angle  of  position  between 
hffo  ffioen  placet* 

'Hulk.  If  the  two  places  be  on  the  same  meridian,  they 
hear  north  and  south  from  each  other,  and  therefore  their  an- 
^  of  position  is  (X  When  the  places  are  not  on  the  same 
meridian,  proceed  .as  follows:  rectify  the  globe  to  the  latitude 
of  one  of  the  plaoes;  bring  tlmtpkree  to  the  brass  meridian, 
and  screw  the  quadrant  of  altHnde  over  it ;  move  the  quad- 
rant till  its  edge  fidls  upon  the  other  place ;  then  the  point 
where  the  edge  of  ihe  quadrant  cuts  the  wooden  horizon  will 
ghre  HsB  juigle  ofpafiitirm  between  ihe  two  places,  which  is  es- 
ifanAtedindegEMsfrom'^iuirthpQiiityOritmajbe  reckoned 
by  the  points  of  the  eompjfc. 
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1.  Itiijiiirtil  the  angle  of  pojilun  between  JaaSoa  and  Hadiai. 
Aiis'rer.     00"  ftom  the  north  towards  the  eait. 

2.  lUtiuirod  ihe  ungle  ot  poaiiion  between  Uxidoa  >nd  JamAico. 
Aiinrer.     The  quadrant  of  altitude  Iklli  upon  tbe  west  point  ef  the 

honziin  i  the  anKli>  nf  position  ii  90°  &om  the  north  towardi  the  vMt. 
S.  Wtml  ia  the  oiigieof  position  between  Madiid  andPhilsdelphU! 
AitiK:r.     Cj'. 

Pkudlf.m  XXIV.     TofindaUthephuxitnwkiehaluiuxr 

eclipse  is  risi/i/e  at  a  given  iuttant. 

llvi.v..  Firul  (by  Prob.  XVI.)  the  place  to  which  the  gun 
is  vtTiiciil  at  iIk'  f;ivcti  lime  ;  bring  the  place  to  the  brass  me- 
ridinn,  .iml  reclily  llic  globe  to  tbe  latitude  of  that  place;  tlieo 
at  iill  )>lurej  uiihiti  70  degrees  of  this  place  an  eclipse  of  the 
siiti  man  '>'■  vi.-ible,  osptcially  if  it  be  a  total  eclipse.  For  a 
luiinr  uL'lipsc,  uiXi-x  proceeding  as  before,  set  the  hour  circle  to 
XII.  110011 ;  turn  ilie  globe  till  the  hour  circle  ia  at  XIL  mid- 
night ;  then  an  eclipse  of  the  moon  will  be  visible  to  all  thou 
places  wliieli  are  aliovc  the  wooden  horizon. 
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Rule.  Plate  the  globe  directly  nortli  and  south,  bj  means 
^  the  mariner^s  compass  usually  placed  beneath  the  globe, 
taking  care  to  bring  the  north  pole  of  the  needle  24  degrees 
to  the  west  of  the  noi*th  point  of  the  compass,  which  is  the 
allowance  at  present  for  the  variation  ;*  bring  the  place  where 
you  are  living  to  the  brass  meridian,  and  elevate  the  pole  to 
its  latitude ;  then  the  globe,  with  its  various  lines,  &c.,  will 
correspond  in  every  respect  with  the  position  of  the  earth,  and 
the  imaginary  lines,  &c.,  upon  it,  with  respect  to  the  sun. 
The  i)oint  to  which  the  sun  is  vertical,  the  illuminated  hemi« 
sphere,  &c.|  may  all  be  at  once  determined. 

Problem  XXVI.  To  construct  a  horizontal  dial  by  the 
globe  for  a  given  latitude, 

Ri'LE.  Place  the  globe,  as  in  the  last  problem,  directly 
north  and  south ;  rectify  the  globe  to  the  latitude  of  the  place ; 
bring  the  first  meridian  to  the  brass  meridian ;  then  obser\'e 
the  points  where  the  hour  meridians  on  the  globe  cut  the 
horizon,  and  number  these  points  according  to  the  hours  of 
the  day ;  thus  the  point  of  the  dial  at  the  brass  meridian  must 
be  numbered  XII.,  thence  XI.,  X.,  &c,  towards  the  west  for 
the  morning  hours,  and  L,  IL,  &c.,  for  the  evening  hours. 
The  style  of  the  dial  represents  the  axis  of  tlie  earth,  and 
must  therefore  always  make,  with  the  plane  of  the  horizon, 
or  the  plane  of  the  dial  plate,  an  angle  equal  to  the  latitude 
of  the  plaoe. 

THE  CELESTIAL  GLOBE. 

DEFIKinOlfS   AKD   EXPLANATIONS. 

1.  The  celestial  globe  is  constructed  to  represent  the  aspect 
of  the  heavens ;  all  the  stars  are  laid  down  on  its  surface  ac- 
cording to  their  relative  situations ;  and  the  various  imaginary 
circles  and  points  npon  the  terrestrial  gl«be  are  supposed  to 

*  At  London. 
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be  tmn-fcrre<.1  to  the  celestial  one.  The  rotatmy  motion  of  this 
gl«.«'«f*,  from  f.ist  to  we<t,  represents  the  apparent  diurnal 
r/.'-^ti-n  f't'  ;Le  .-un,  moon,  and  slarss  to  a  spectator  supposed  lo 
to  rivjiiied  in  the  centre  of  the  globe. 

2.  Tlte  Int'itudf  ^nd  longiltide  of  a  ttar  or  planet.  —  The 
L-i:!rjde  of  a  body,  on  the  celestial  globe,  ia  its  distance  fzx)m 
t'";e  eoliptlc.  nonh  or  south,  measured  in  degrees  on  a  great 
c'rclo  {'arsing  throagh  the  body  and  the  pole  of  the  ecliptic; 
and  the  lonijitude  is  the  distance  of  the  point,  vhere  the  great 
circle  cu!s  the  ecliptic,  from  the  first  point  of  Aries.  Lautu«Je 
and  longitude  are  referred  to  the  ecliptiCy  on  the  celestial 
globe,  but  on  the  terrestrial  globe  they  are  referred  to  the 
eq'iaior. 

'3,  T?ie  decU nation  and  right  ascension  of  a  heavenly  body,  — 
The  declination  of  a  body  is  its  distance  from  the  equinoctial, 
north  or  south,  measured  in  degrees  on  a  meridian  passing 
throuirh  iLc  1  civ  ;  and  the  right  ascension  is  the  distance  of 
the  poi:u  where  this  meridian  cnts  the  equinoctial,  from  the 
f.rs;  point  of  Arie«.  The  right  ascension  of  a  body  is  some- 
times expressed  in  hours,  making  the  usual  allowance  of  one 
Lour  of  time  for  15  degrees  of  distance. 


PROBLEMS  ON  THE  CELESTIAL  GLOBE. 

Problem  L  To  find  the  right  ascension  and  declination 
of  the  sun  cr  of  a  star. 

Rule.  Bring  the  sun's  place,  or  the  given  star,  to  the 
brass  meridian ;  the  degree  over  it  is  the  declination,  and  tlie 
degree  on  the  cquaior  cut  by  tho  brass  meridian  gives  the 

right  ascension. 

EXAMFXXt. 

1.  Required  the  right  asccnaion  and  deoUaaticBi  of  BS^gnlns,  in  tfat 
constellation  of  the  Lin. 
Atuicer.    Right  ascension  lao^  dedmatian  12°  47'  aocUb 
Required  the  right  ascendon  and  declinatJwi  of  tfaa  ftUowIng  itaxs: — 
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2.  Capella,  ib  €km  ooostellation  of  Avrigai;  8.  Dubhe,  in  the  consttrl- 
lation  of  the  Grctfc  Bear;  4.  AlddMnm*  in  the  conEtellation  of  Taunu ; 
5.  Arctunu,  in  ibe  conatdlatian  of  Bootes. 

Atuwen.    (2.)  Bight  aicauioa  76^  declination  ^"^  49'  N. 

(3.)  Right  aMou&OQ  163«  W,  dfrlinwtion  62<'  36'  X. 

(4.)  Kight  Mooukm  66^  diyliniifion  16®  10'  N. 

(5.)  'Big^t  aioenica  21So,  a^uM^^^  2%o  gi  y, 

PROBLEX  'II»  2%e  riffkt  aMcention  and  declination  ^  a 
heavenly  body  hdng  giveOj  to  find  iU  place  on  the  globe. 

Rule.  Bring  the  given  degree  of  right  ascension  (or  the 
given  time  of  right  aaoension)  to  the  brass  meridian;  then 
under  the  given  degrees  of  declination,  reckoned  on  the  brass 
meridian^  jcm  will  find  the  place  of  the  body. 


1.  Requized  the  star  "wlHn  right  aifiiaiion  is  76^  45',  or  6  houxB  7 
minutee,  and  dpHinatJrm  8°. 24'  south. 

Answer,  ]ligel»  a  Star  of  the  fint  magnitude  in  the  constellBtion  of 
Orion. 


Right  Aaoeniloiia. 

Dcclinatioiis. 

s. 

261«  30'  or  17  h.  86  m. 

62°  25'  N. 

«. 

eh.  38m. 

16°  29'  S. 

4. 

10  h.  43  m. 

8°  26'  N. 

6. 

7h.85m. 

28°  26'  N. 

Annoen*  (2.)  f,  a  star  of  the  aaoond  magnitude  in  the  constellation 
of  Draco;  (3.)  6irius»in  the  Great  Dqg;  (4.)  Altair,  in  the  Eagle; 
(5.)  FoUuz,  tJie  south  twin. 

PROBtfcac  m.  7b  find  the  taHtude  and  longitude  of  any 
star. 


RuL^  Bring  tbe  pole  of  the  ebUptic  to  the  brass  merid- 
ian ;  fix  the  qnadrant  ^altitude  over  the  pole,  and  move  the 
quadrant  till  its  edge  comes  over  the  star ;  then  the  degree  of 
the  quadrant  over  the  star  ie  the  latitude,  and  the  number  of 
degrees  betiv«en  the  edge  of  the  qnadrant  and  the  first  p<Hnt 
of  Aries  li  41m  tongitnde. 

38 
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ExAMrLES. 

1.  VChat  is  the  latitude  and  longitude  of  AldcbaroD,  in  the  constella- 
t:>:\  of  TauniN > 

.4iiA(r  I-.     Latitude  o^  28'  S.,  lon^tudc  2  signs  6^  63'. 

2.  What  is  the  latitude  and  longitude  of  Pollux,  in  the  constellation 
of  Ocniiiii  ? 

Aiuiccr.     Lat.  G^  30'  X.,  long.  3  signs  21^. 

Problem  IV.  The  day  and  hour,  and  the  latitude  of  the 
place ^  beiiiff  ffivp/u  to  place  the  celestial  globe  so  ets  to  represent 
the  appearance  of  the  heavens  at  that  place  and  time. 

Rule.  Pkce  the  globe  north  and  south,  by  the  mariners 
compass  ;  rcotii'y  the  globe  to  the  latitude  of  the  place  ;  bring 
the  sun\s  phico  in  the  ecliptic  to  the  brass  meridian;  set  the 
hour  oirole  to  XII. ;  turn  the  globe  till  the  index  of  the  hour 
ciri'le  points  to  tlie  given  hour  of  the  day ;  then  in  this  posi- 
tion iho  stars  liirurod  on  the  globe  will  exactly  correspond  with 
thi'  aciiuil  appearance  of  the  stars  in  the  heavens. 

Pr.oiJLi:M  V.  The  dar/  and  hoiur^  and  the  latitude  of  the 
phtrr,  Khi(f  f/ivc:i^  to  Jind  ichat  stars  are  rising,  setting^  and 
vulmijiatiio/, 

RuLi:.  Kcetify  the  globe  for  the  latitude  of  the  place; 
bring  the  sun's  place  to  tlie  brass  meridian ;  put  the  hour  cir- 
cle to  XII. ;  turn  the  globe  till  the  hour  circle  indicates  the 
given  hour  of  the  day ;  then  all  the  stars  on  the  eastern  semi- 
circle will  be  rising,  those  on  the  western  semicircle  will  be 
seitinir,  iho>e  under  the  brass  meridian  will  be  culminatin£r«  or 
in  their  southing,  and  those  stars  above  the  wooden  horizon 
will  be  visible  at  the  given  time  and  place. 

To  dotennine  those  stars  which  never  set,  turn  the  globe 
on  its  axis  :  then  those  stars  which  do  not  go  below  the  wood- 
en horizon  never  set  at  the  given  place. 

HXAMFLEB. 

1 .  To  find  the  constellations  which  are  risingf  setting,  and  cnlnunating^ 
on  the  20th  of  January,  at  2  o'dock  in  the  moining  at  London. 
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Anstoer.  The  constellation  of  Lyra,  &^,  are  rising;  Jttdromeda, 
&c.,  are  setting ;  and  the  Great  Bear,  &c.,  are  on  the  n^eridian. 

2.  To  find  the  stars  which  are  rising,  setting,  and  culminating,  on  the 
8th  of  February,  at  9  o'clock  in  the  evening  at  London. 
,     Answer.    A  star  in  the  Northern  Crown  is  rising;   Arcturus,  in 
Bootes,  is  a  little  above  the  horizon ;  Sinus  is  on  the  meridian ;  Markab, 
in  Pegasus,  a  little  below  the  westtm  horizon. 

Problesi  VI.  To  find  the  time  when  any  heavenly  body 
will  risey  come  to  the  meridian^  and  set,  on  a  particular  day^ 
at  any  given  place. 

Rule.  Rectify  the  globe  for  the  latitude  of  the  place; 
bring  the  bod's  place  in  the  ecliptic  to  the  brass  meridian ;  set 
the  hour  circle  to  XII. ;  turn  the  globe  till  the  given  star  * 
comes  to  the  eastern  edge  of  the  wooden  horizon ;  then  the 
Lour  circle  will  show  the  time  of  rising;  now  turn  the  globe 
till  the  star  comes  to  the  brass  meridian,  and  the  hour  circle 
will  show  the  time  of  its  culmination  or  southing ;  lastly,  turn 
the  globe  till  the  star  comes  to  the  western  edge  of  the  wooden 
horizon,  and  the  hour  circle  will  show  the  time  of  setting. 

Examples. 

1.  At  what  time  will  Arcturus,  in  the  constellation  of  BoOtes,  rise, 
culminate,  and  set,  at  London  on  the  7th  of  September  ? 

Answer,  Arcturus  will  rise  at  about  a  quarter  past  7  in  the  morning, 
culminate  at  a  quarter  past  3  in  the  afternoon,  and  set  at  three  quarters 
past  10  at  night. 

2.  At  what  time  will  Aldebaran,  in  the  constellation  of  Taurus,  rise, 
&c.,  at  Edinburgh  on  the  26th  of  November  ? 

Answer.    It  rises  at  about  half  past  4  in  the  afternoon,  &c 

Problem  VII.  The  day  of  the  month,  the  latitude  of  the 
placcy  and  the  altitude  of  a  star  being  given,  to  find  the  hour 
of  (he  night. 

Rule.  Rectify  the.  globe  for  the  latitude  of  the  place ; 
biing  the  sun's  place  in  the  ecliptic  to  the  brass  meridian ;  set 

*  The  place  of  a  planet  on  the  globe  must  be  found  by  Prob.  YIII. 
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the  hoil^oircle  to  XIT. ;  screw  the  qnsdniiit  of  altitude  to  the 
zenith,  and  turn  it  to  that  side  of  the  meridian  on  -which  the 
star  was  observed ;  move  the  globe  mod  the  quadrant  tQl  the 
star  is  on  the  degree  of  the  quadrant  equal  to  the  given  alti- 
tude ;  then  the  hour  circle  wUi  show  the  boar  required. 


1.  At  R(mieonthe2dof  DeeemhertihftilvCqpdlaviiithecoastellA- 
tioii  of  Aimga,  was  obwrved  to  be  4S*  above  Ae  bannb,  and  weft  of 
the  meridian ;  required  the  hour. 

Atufoer,    Five  o'clock  in  the  monung. 

2.  At  London  on  the  29th  of  December,  the  star  Deneb.  in  the  ttiL 
of  the  lion,  was  found  to  be  4<P  above  the  horian,  and  east  of  ti» 
meridian ;  tequired  the  hour. 

Attnoer,    About  a  quarter  past  A  o^clook  la  tiw  noniiag. 

rROBLE^i  VIII.  Given  4k§  year  aud4he  iMn^io  Jind  tie 
pUbce  €!f  a  planet  on  the  globe* 

Rule.  Bring  the  sun's  place  in  the  ecliptic  to  the  brass 
meridian ;  set  the  hoar  circle  to  XII. ;  find,  in  the  Nautical 
Almanac,  the  time  when  the  planet  passes  the  meridian  on  the 
given  day,  and  turn  the  globe  tiU  the  index  of  the  hour  circle 
points  to  the  hour  thus  found ;  find,  in  the  Alm^nyn^  the  dec- 
lination of  the  planet  for  the  same  day ;  then  under  diis  decli- 
natiouy  found  on  the  brass  meridian,  is  the  place  of  the  planet 
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katurv  of  chemistry.    simple  and  compound  bodies, 
attraction.    chemical  affinity.     natl're  of  acids 

AND   AiKALlES.      SOLUTIONS. 
NATURE   OF   CHEMISTRY.      SIMPLE  AND    COMPOUND   BODIES. 

1.  Chemistry  is  that  science  which  treats  of  the  proper- 
ties of  the  simple  substances  composing  the  globe,  and  of  the 
various  compounds  resulting  from  their  action  upon  each 
other.  So  far  as  our  present  knowledge  extends,  there  are 
sixty-two  simple  or  elementary  substances,  which,  uniting 
with  each  other,  form  the  vast  variety  of  substances  found  in 
the  earth,  the  air,  and  the  waters  of  the  ocean  and  rivers.  A 
simple  substance,  do  with  it  what  wo  may,  will  not  yield  any 
other  kind  of  substance  different  from  itself.  Thus  iron  is 
considered  to  be  a  simple  body,  because  we  can  only  obtain 
irdn  from  it.  A  compound  body  contains  two  or  more  simple 
substances  in  a  state  of  chemical  combina- 
tion. Nearly  all  the  substances  in  nature 
ar^  compounds.  Sulphur  and  iron  are 
simple  substances,  but  they  combine  and 
form  a  compound  substance  called  sul- 
phurel  of  iron. 


Fig.  1. 


Experiment,     Take  some  iron  filings  and  mix 
thwn  intimately  with  about  half  their  weight  of 
sulphur ;  put  the  mixture  into  a  test  tubc^  and 
ax>ply  the  flame  of  ,a  spirit  lamp ;  at  the  iame  time  ddie  the  mouth  of 
tlift  tuba  ^th  tiie  te«  fingtov  to  ezohuie  the  air :  tbi  iron  and  sulphur 

88  ♦  (440) 
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'J.  I'^li'iiii'iitury  jubilances  are  usually  divided  ioio  t<ro 
clusM.'!!.  iiiiiui'ly.  luvtidiic  and  iion-metuUic  »The  followiDg*  lift 
cuuiprisc-s  ^umc  ol'iLe  most  important  elementaiyaubstancea : — 

A'oit'metallin  Ehmtntt. 
usygen.    (  g^^g^  fouiid  hi  thuBtmoephCTB, 
IIyilTugt:n,  Chlorine,  Carbon,  SulpIiur,Pho«phonu,Iodme,AtMDie,*&c. 

Metalt. 
PutntMuni,  thi>  nii'tal  whith  funos  potassa  by  comUning  with  oxygtn ; 
Siidiiiin,  ilii>  mttal  whii'h  fonns  soda ; 
t;alciuni,  tllf  inrlul  wliiih  fumiB  lime ; 
Uagncrium,  lliv  nii-tal  vliich  fonns  magiusia ; 

ItoDi  CuiigRT,  Zinc,  Tin,  Lead,  Maugincsc,  Chromium,  Mvcuiy,  SUtct, 
Gold,  I'kLtiiiuni,  Vk. 

Z.  Tliere  »rc  mtmy  substances,  which,  although  they  appear 
sim{ile,  fire  in  reality  of  a  compound  nature  Thus  water  a 
a  compound,  bi-iiig  mndo  up  or  composed  of  oxygen  and  hj- 
ilrosen  ;  tin-  nJr  h  diicflj-  a  mixture  of  oxygen  and  nitrogen; 
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sharply  witli  a  dry  silk  handkerchief  the  sealing  wax  will  attract  small 
cuttings  of  light  paper.    This  is  called  electrical  attraction. . 

7.  AUractian  of  cohesion, 

Exp.  1.  If  an  apple  he  cut  in  two  with  a  sharp  knife,  the  pieces  may 
be  put  together  so  as  to  adhere. 

Exp.  2.  Take  two  balls  of  lead  ;  scrape  a  clean  portion  in  each  ;  bring 
the  clean  parts  in  contact,  and  rub  the  balls  together  by  giving  them  a 
circular  motion :  they  stick  or  cohere  together. 

Exp.  3.  Two  polished  plates  of  metal  placed  together  require  consid- 
Iplilii  fiirce  to  separate  them. 

The  force  manifested  in  these  experiments  is  called  the 
aitractiou  of  cohesion,  or  adhesion.  The  minute  particles,  or 
molecules,  of  which  bodies  are  composed,  are  held  together 
hy  the  attraction  of  cohesion  subsisting  amongst  these  parti- 
cles. Bodies  are  solid,  liquid,  or  aeriform,  according  as  the 
force  of  cohesion  is  modified  hy  heat. 

8.  Capillary  attraction  is  a  peculiar  form  of  cohesion. 

Exp.  1 .  Plunge  the  extremity  of  a  small  glass  tube  in  water :  the  fluid 
rises  within  the  small  bore  of  the  tube. 

Exp.  2.  Place  a  piece  of  lump  sugar  on  a  few  drops  of  water :  tke 
fluid  rises  through  the  fine  BHPB  of  the  sugar. 

CHEMICAL   ATTRACTION,    OR  AFFINITT. 

9.  However  intimately  the  sulphur  and  iron,  in  the  experi- 
ment Art.  1  mdy  be  mixed,  we  can  only  by  this  means  pro- 
duce a  mechanical  mixture  of  the  particles  of  the  two  sub- 
stances;  but,  afler  chemical  combination,  there  is  no  trace 
left  of  either  the  sulphur  or  the  iron.  Chemical  affinity  dif- 
fers, in  certain  respects,  from  all  other  kinds  of  attraction.  It 
resembles  cohesion,  inasmuch  as  it  subsists  between  the  par- 
ticles, of  matter  and  holds  them  together ;  but  while  cohesion 
takes  place  between  particles  of  the  same  sort,  afiUnity  is  ex- 
erted between  the  particles  of  different  kinds  of  matter ;  and 
while  cohesion  produces  no  change  ia  the  properties  of  a  sub- 
stance, afiinity  is  almost  invariably  attended  with  a  marked 
change  in  the  appearance  and  other  properties  of  the  sub- 
stances forming  the  compound.     All  chemical  changes  are 
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pn>ili:rc<l  by  nfliiiitj-,  or  clicmical  attmcttoo.  Combintttion  ind 
ili'ii)m|Hisi[iiiii  an:  tliu  it:uU^  of  chemical  action. 

C'liithimiliuii  tuki-s  i>1lici3  wlicn  pttrticles  of  difierent  kinds 
of  iiinElL'r  uiiilit  and  form  a  new  Eubetance. 

Decumposilion  inki^s  place  when  a  substiince  is  resolred  iDlo 
tlie  JilTerciil  kiiiils  of  matter  uf  whicli  it  is  composed  or  made  up. 

EsVEmMESTS. 

1.  To  a  glass  of  wuti-r  aild  a  little  oil :  tbe  oil  float*  tipcn  ttw  watp^ 
but  doci  nut  combine  villi  it.     WatcT,  thcrefare.  has  no  iffimty  foi  <uL 

2.  Adil  atumunia  \  rlir  the  mixture  with  a  glass  Tod  :  the  dl  and  the 
ammonia  cnmlune,  aiul  furm  a  soapy  lubatance,  called  a  Unimat.  Oil 
and  ammonia,  thcrcfiiiu,  have  an  affinity  far  each  other.  Thii  il  a  ate 
uf  iuni;ili>  comlrinaliim. 

8.  To  tlie  nia\tj  uoinpoimtl  in  the  lait  experiment  add  a  few  drop*  of 
Bulphuric  ucid.  (<4l  "f  vitriol ;)  the  mmnoma,  having  a  greater  affinity 
fiir  tlic  sulpliurie  ocitl.  (jiiitn  the  oil,  and  coiatunca  with  the  acid,  fcimin; 
the  fiultiliate  of  anunoiiia  :  tlic  (ril,  Ixing  set  free,  again  float*  upon  the 
BUtf:ice.  lliis  is  a  ca-^e  (if  compoution  ai  wdl  as  of  decempoatian :  it  it 
tliiteforc  an  instance  tif  what  is  called  Mingh  eltctiv  afinilg. 

i.  Dissolve  some  acetate  of  lead  (sugar  of  lead)  in  a  glan  of  vatn;* 
add  a  f<'w  dnip-^  cif  sulphuric  arid;  a  while  eompomid  of  sulphuric  add 
ixidc  of  Icud  is  jirci'ipitatcd,  or  falk'to  the  bottom  of  the  glas. 
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can  fnfy  dhsnge  tlieir  lerm'of  eamynation*  Whea  •  |>ieee 
of  lump  BQgar  is  disflolv^  in  water,  the  sugar,  although  no 
longer  yisible,  is  not  destroyed;  it  has  combined  vith  the 
water,  forming  a  solution  of  sugar.  In  like  manner,  ve  aro 
able  to  explain  all  other  changes  of  form  which  bodies  un- 
dergo around  as. 

11.    ITATURB  OF  ACIDS  AVJ>  AXJU4;XS0^ 

EZFBBDCBNTB. 

1.  Add  a  few  drops  of  Bulpburic  add  to  a  glsw  of  water;  tsstt  the 
fluted  add:  it  is  sour  or  sdd  to  the  taste.  Add  a  little  of  the  vi^efod^ 
bhu  liquor  of  zed  cabbage  *  to  aglaai  of  water ;  add  a  little  of  the  dilated 
nilphiiric  add  to  this  blue  aolutioii :  it  is  diaiiged  to  a  red  color.  The 
lame  experiment  may  be  performed  with  any  other  acid. 

Thus  acids  are  sour  to  the  taste,  and  change  vegetaUe  blue 
colors  tared. 

2.  Ammonia,  potassa,  and  soda  arc  the  most  common  and  important 
alkalies.  Add  drop  by  drop  of  a  solution  of  ammooia  to  the  red  liqxior 
of  the  last  experiment,  until  the  red  color  is  changed  to  a  greenish  blue. 
Taste  -the  liquid :  it  is  no  longer  sour  or  acid.  Add  now  more  add,  drop 
by  drop,  imtil  the  red  color  is  restored ;  and  so  on. 

Thus  alkalies  neutralize  the  effect  of  acids,  and  change  the- 
vegetdtHe  Uues  to  green. 

Blue  slips  of  paper,  stained  by  lxtmus,t  are  commonly  used  to  ascertain 
when  an  alkali  exactly  neutralizes  an  add. 

3.  To  Uquid  ammonia  add  sulphuric  add,  until  a  slip  of  blue  litmus 
paper,  dipped  into  the  muEtuze,  is  about  to  change  its  color  to  red.  This 
k  a  sdution  of  sulphate  of  ammonia.  Here  the  sulphuric  acid  combines 
with  the  ammonia,  and  forms  the  sulphate  of  ammonia,  the  name  of  the 
compound  being  formed  so  as  to  indicate  its  composition.  In  like  man- 
ner»  carbonic  add  imited  to  lime  forms  the  (xxmpound  of  caibonateof 
lime ;  and  so  on  to  other  cases. 

In  the  same  manner  yarious  other  salts  may  be  foraied. 

4.  Take  a  small  bit  of  phosphorus;  set  fire  to  it  upon  a  p&eoe  of  glass 

♦  This  is  simply  prepared  by  boiling  common  red  cabbage,  cut  into  smsll 
pieces,  for  ashort  time,  in  no  mow  water  than  is  juatsufBdent  to  ootct 
them. 

t  litmus  is  a  regetable  blue. 
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or  lia  placed  in  the  cmtrc  of  a  common  [late,  and  immcdiMtclj'  com  it 
with  B  large  diy  gUai.  The  phosphonu,  ai  it  butiut  oombitici  with  th* 
oxygen  of  the  air,  and  thus  timiu  phosphoric  add,  irhich  rises  in  wliiu 
Uakcs  within  the  e>at^  and  finally  falls  upon 
the  plate  like  snow.  These  flakes  hare  a  fine 
odd  tuEtc.  Aitci  llie  ignition  hna  cmKd.paui 
a  liltli!  water  on  the  plate :  this  diasolres  the 
flukn,  and  a  Boliitlon  of  the  add  is  obtained. 

This  add,  combining  with  ammonia,  Ibmia 
phosphate  of  tucinonia;  with  uidB,  it  fivTM 
phosphate  of  xoda  ;  «ith  lime  it  fbnns  pbos- 
phatE  of  lime,  (which  is  the  ptioclpal  com- 
ponent of  bones  ;)  and  so  on. 

fi.  Bum  Bulphur  after  the  manner  dGScribal 
in  the  last  experiment.  Here  the  sulphut,  as  it  bums,  eomMnes  with  tha 
oxygen  in  the  air,  and  forms  sulphurous  add,  which  riset^  in  the  Ibna 
oT  a  colotl«9  gas,  into  the  interior  of  the  gisas.  Put  a  violet  flowei  (at  a 
piece  of  litmus  paper)  into  the  glan ;  the  color  ia  discbuged.  A  Litis 
water  poured  into  the  plate  dissolvcB  the  ga*. 

lly  a*  peculiar  modifieation  oT  this  proccaa  sulphuric  add  is  made, 
which  is  a  more  powerful  acid  than  sulphuious  acid,  in  cansequence  of 
containing  more  oxygen. 


/Vj.  2. 


SOLUTIONS. 

12.  When  a  Eubsttince  diiisolves  in  water,  the  substance  is 
Mid  to  be  soluble,  and  wo  obtain  a  solution  of  it.  The  sola* 
tion  of  bodies  in  liquids  presents  us  with  the  most  simple  cosa 
of  cliemiL-al  attraction.  Water  readily  combines  with  sug&r, 
common  salt,  sulphuric  Qcid,  aleohol,  Ice. ;  and,  on  the  contmiy, 
it  shows  no  tendency  to  unite  with  oil,  ether,  Ice  Ciunphor 
readily  dissolves  in  Hlcohol,  but  it  is  almost  insoluble  in  water. 
The  process  of  solulion  is  much  accelerated  by  heat  and  agi- 
tation. In  order  to  obtain  a  concentrated  solution  of  some 
substances,  llie  liquid  must  be  boiled  in  a  common  oil  flask  for 
some  time  with  the  substance.  Lime  is  sparingly  eoluble  in 
water ;  yet,  if  a  little  lime  be  added  to  distilled  water,  a 
sutiicient  portion  will  be  dissolved  to  indicate  the  presence  of 
lime.  Distilled  or  pure  water  should  be  used  for  making 
solutions ;  however,  in  most  coses,  clean  rain  water  will  do 
vei7  well. 
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ExPBBmSNTS. 

1.  Add  a  small  piece  of  camphor  to  alcohol  or  epiiits  of  wine ;  stir 
the  mixture;  the  camphor  ia  soon  dissolved,  and  a  dear  solution  of  cam- 
phor in  alcohol  is  obtained. 

Pour  a  little  of  this  sohition  into  a  glass  of  water ;  the  alcoho^mites 
with  the  water,  and  leaves  the  camphor  floating  upon  the  sur£Bu4P 

2.  Add  a  little  lime  to  a  bottle  of  rain  or  distilled  water ;  shake  it 
up ;  and,  after  corking  the  bottle,  set  it  aside  imtil  the  particles  of  lime 
have  settled  to  the  bottom :  pour  some  of  the  liquid  into  a  glass,  and  a 
dear  solution  of  lime  is  obtained. 

Z,  Diasolye  a  little  carbonate  of  potassa  (x)earlash)  in  a  glass  of  water; 
a  dear  solution  of  the  salt  is  thus  obtained ;  add  a  few  drops  of  this 
solution  to  lime  water :  it  becomes  milky,  owing  to  the  fonnation  of  car- 
bonate of  lime.  Here  the  carbonic  add,  having  a  greater  affinity  for 
lime  than  it  has  for  potassa,  combines  with  the  lime,  and  leaves  the 
potassa  in  solution.  The  carbonate  of  lime  is  said  ft  be  predpitatcd ; 
that  is,  it  falls  to  the  bottom  of  the  glass,  ovnng  to  its  being  nearly  in- 
soluble. 

4.  Breathe  through  a  tube  into  a  sdution  of  lime :  a  milkiness  is  pro- 
duced, owing  to  the  formation  of  carbonate  of  lime.  Here  carbonic  add 
gas  is  expired  from  the  lungs. 


Section  IL 

familiar  experimental  illustrations  op  the  prop- 
ERTIES AND  COMPOUNDS  OF  SOME  OF  THE  MOST  IM- 
PORTANT  SIMPLE   SUBSTANCES. 

CARBON.      CARBONIC   ACID  GAS. 

13.  When  wood  is  burned  (as  is  done  by  the  charcoal 
bamers)  in  such  a  manner  as  to  exclude  the  air,  it  is  convert- 
ed into  wood  charcoal^  which  is  nearly  pure  carbon.  The 
diamond  is  perfectly  pure  carbon  in  a  crystallized  form.  Com- 
bined with  other  substances,  carbon  is  found  in  vegetabley 
animal,  and  many  mineral  substances.  When  charcoal  is 
burned,  in  the  air  it  forms  carbonic  acid — a  heavy  gas,  which 
extinguishes  flame,  and  is  destructive  to  animal  life. 


,   FotM 


N  of  ebalk  (ccrbouBta  of  lime)  ii 
^ihaiic  Rod  ( I 


bottl*  with  •  wUt  noutfa ;  wld  i 

otber  itrong  kdd  0    Tiolmt  < 

owqc  to  the  cK^w  of  ontmio  bzid  gu  wiili  the  tbnoa- 

tioair  ■ulpha'e  of  lime.    H«e  the  lulpburic  acid  unitEB 

nith  tbe  Ujdu  in  the  chalk,  nd  Qie  onboiuc  adil  in  it  ii 

Kt  free  in  thefixmof  gai. 

E.   In  the  bit  egperimwit  tha  carbanic  add  gas,  u  ii 
il  fcnmed,  gradiully  drirei  out  the  air  in  the  bottle,  aai 
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UK  gM  temauu  lukchanged.  »■  ■ 

Thus  carbonic  acid  gal  ttitingtathes  jiam«,  and  at  It 
lime  it  docs  not  takejirt,  ai  lome  other  gases  do. 


BIDEOQEK.      COUFOalTtOM   OF   WATE^ 

14.   Hydrogen   is  a   colorle^  influnmaUi ' gil^  waA.'jflk\ 
lightest  known  substance  in  natiire,  it  being  about  14  d^MI  i 

lighter  llmn  air.     Water  is  composed  of  b^drogen  and  oxj-     ' 
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Whai  hydrogen  is  mixed  with  common  air,  the  ignition  goes  on  more 
rapidly,  and  always  with  a  slight  explosion ;  bat  the  experiment  may 
be  made  with  perfeet  safety  in  the  manner  just  described. 

In  this  experiment,  the  sulphuric  acid,  the  oxygen  portion  of  the 
water,  and  the  zinc,  combine  and  form  the  sulphate  of  the  oxide  of 
zinc;  which  remains  iii  solution,  while  the  hydrogen  portion  of  the 
water  escai>es  in  the  form  of  a  gas. 


Thus  hydrogen  hurm^  hut  does  not  support  flame. 


2.  Oeneratc  hydrogen  in  a  bottle,  as  in  the  last 
experiment ;  and,  after  the  air  has  been  driven  out, 
close  the  mouth  with  a  cork,  through  which  the  tube 
of  a  tobacco  pipe  passes ;  light  the  gas  as  it  issues  &om 
the  fine  opening  of  the  tube.    Insert  this  small  flame  a 
few  inches  into  a  glass  tube,  about  twenty  inches  long 
and  one  inch  in  diameter.    As  the  hydrogen  bums,  it 
combines  with  the  oxygen  of  the  air ;  thus  water  is 
farmed,  which  covers  the  interior  of  the  tube  in  the 
form  of  moisture.    After  a  short  time,  the  tube  emits 
musical  sounds.    These  sounds  are  produced  by  a  series 
of  small  explosions,  caused  by  the  union  of  oxygen  with 
hydrogen,  and  the  formation  of  water.    To  show  the 
fi>nnation  of  water,  a  dry  glass  may  be  held  just  above 
the  flame. 


Fig,^, 


OXTGEN   AND   NITROGEN.      THE   ATMOSPHERE. 

15.  The  atmosphere  is  a  mixture  of  oxygen  and  nitrogen : 
there  is  also  a  small  portion  of  carbonic  acid  gas  always 
present  in  the  air. 

ExPERDfENTS. 

1.  Put  a  lighted  wax  candle  on  the  table ;  place  over 
it  a  glass  jar,  previously  dried  with  care;  the  candle 
soon  begins  to  bum  dimly,  as  the  inflammable  substances 
in  it  consume  the  oxygen  of  the  air,  and,  after  a  little 
time,  the  flame  is  extinguished ;  the  interior  of  the  glass 
will  now  be  found  covered  with  drops  of  water.  Here 
the  candle  is  extinguished,  in  consequence  of  the  con- 
sumption of  the  oxygen,  which,  uniting  with  the  hydro- 
gen and  carbon  of  the  tallow,  forms  water  and  carbonic 
add  glK.    (See  also  Exp.  4,  Art.  1 1.) 

2.  Put  a  lighted  candle  (supported  by  a  bent  wire  passing  through  a 

39 


Fig.  6. 


458         NATURAL   AND   EXPERIMENTAL  PHtLOSOPHT. 


Fig,  6. 


Fig.  7. 


cork)  into  a  large  bottle;  close  the  inoath  of  the  bot- 
tle :  the  flame  soon  becomct  dim,  and  thea  goeB  out,  in 
consequence  of  the  air  being  no  longer  able  to  Aipport 
combustion.  Take  out  the  candle^  Rkindle  it,  and 
plunge  it  into  the  bottle  :  the  flame  is  immediately  extin- 
guished. 

If  a  liWng  animal  were  confined  in  a  clofic  bottle  after 
the  oxygen  in  the  lur  becomes  vitiated,  the  animal  Ti-ould 
die.  A  second  animal,  placed  in  this  vitiated  air,  would 
at  once  expire. 

3.  Take  a  lar;:c  bottle  containing  com- 
mon air ;  place  its  mouth  in  water ;  close 
the  nostril  Avith  the  forefinger  and  thumb, 
and  uiRpirc  and  expire  the  air  in  the  bot- 
tle, by  means  of  a  bent  pcvilcr  tube,  for 
a  few  seconds.  At  each  innpiration,  the 
water  rises  in  the  bottle,  and  at  each  ex- 
piration the  water  falls.  Take  the  bottle 
containing  the  air  which  has  thus  been 

vitiated  by  passing  through  the  lungs,  plunge  a  lighted  taper  into  it,  iw 
in  Exp.  2  :  ihe  flame  Ls  extinguished.  Here  the  oxygen  of  the  air  is 
consumed  in  the  act  of  respiration,  and  the  vitiated  air  returned  to  the 
bottle  contains  the  nitragcn,  which  was  at  first  in  the  air,  mixed  with 
carbonic  acid  gas.     (Sec  also  Exp.  4,  Art.  12.) 

In  tlie  process  of  breathing,  the  oxygen  taken  from  the  air 
is  returned  to  it  in  the  form  of  carbonic  acid  gas ;  tlias  one 
great  end  of  breathing  consists  in  depriving  the  blood  of  its 
carbon  or  charcoal. 

Thus  oxygen  not  only  support$  fame,  hut  aha  animal  Vfe: 
hence  it  is  called  vital  air. 

4.  Place  a  wire,  supporting  a  small  cup,  on  a  stand 
or  shelf  covered  with  water ;  put  a  small  piece  of 
phosphorus  in  the  cup;  ignite  the  phosphorus,  and 
then  invert  a  large  bottle  over  it.  The  phosphorus 
consumes  all  the  oxygen  in  the  bottle,  thereby  form- 
ing phosphoric  acid,  and  leaves  the  nitrogen.  Alter 
shaking  the  water  in  the  bottle,  (its  mouth  being  still 
kept  under  the  M'ater,)  the  water  rises,  occupying  the 
place  of  the  oxygen  which  has  been  consumed.  This 
will  be  found  to  be  about  ^  of  the  air  at  fizst  in  the 
bottle.  The  residue  is  nitrogen  gas ;  thus  showing  that  \  of  the  bulk 
of  the  air  ii  oxygen,  and  |  are  nitrogen. 


/*«>.«. 
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6.  Take  the  bottle  of  nitrogen  (oovering  its  month  with  a  piece  of 
glass)  and  place  it  da  the  table  with  its  moutH  uppermost ;  plunge  a 
lighted  candle  into  the  gas :  the  flame  is  extinguished,  at  the  same  time 
the  gas  does  not  take  fixe. 

Thus  nitrogen  neitkir  wupporU  flameynor  does  it  take  Jure  ae 
hyirogendo^ 

6.  Put  some  green  leaves  beneath  an  inyert- 
ed  glass  filled  with  watex,  and  place  it  in  the 
sunshine :  the  leaves  will  be  found  to  give  off 
oxygen  gas. 

Tbm  phnti  give  off  oxygen  gas^  Ibhile 
animals  consume  it.  *  i^*  9* 

7.  Introduce  some  chlorate  of  potassa  in 
powder  (a  salt  which  contains  a  large  quantity 
of  oxygen)  into  a  test  tube ;  apply  the  flame 
of  a  spirit  lamp :  the  salt  is  decomposed  by  the 
heat,  all  the  oxygen  gas  being  given  off;  apply 
the  finger  lightly  to  the  mouth  of  the  tube^  tp 
keep  the  gas  as  pure  as  possible;  plunge  a 
lighted  splinter  of  wood  into  the  gas;  the 
flame  is  much  increiMed  in  brightness ;  before 
introduction^  blow  the  flame  out  so  as  to  have 
a  red  qfiark  remaining:  the  wood  is  instantly 

rekindled,  thereby  showing  that  pure  oxygen  is  on  eminent  supporter 
of  combustion. 

8.  Pour  some  lime  water  into  a  glass,  and  allow  it  to  stand  for  a  few 
houn :  a  skin  of  carbonate  of  Ume  is  formed  upon  the  surface.  This 
aihows  that  there  is  carbonic  acid  gas  in  the  atmosphese. 


Fig.  10. 


AMMONIA. 

1€.  Tbk  gaseous  snfostanoe  is  compoMd  of  nitrogen  and 
hydrogen.  Water  diseolves  a  large  qoantitj  of  this  gas,  and 
the  aoltrtion  is  called  liquid  ammonia,  or  hartshorn.  It  readily 
combines  with  afl  the  acids,  and  forms  salts  of  ammonia. 
This  substance  is  invariably  given  off  from  animal  matter  in 
a  state  of  putrefaction ;  the  ammonia  thus  formed  rbes  into 
the  air,  where  it  floats  until  it  is  washed  down  by  the  rains  to 
fertilize  the  soiL  It  is  one  of  the  most  fertilizlpg  substances 
found  in  fium  yard  manure  and  guano. 


.   AKD   EXrEBISENTAI.   PBILOSOPBT. 


■  honeMable;  takeoot 


1.  Hold  W 
nlkalinf  lU'tic. 
pungent  cxior. 

-J.  ]>ip  a  plasi  md  in  hyilrwhlisu  add,  and  hold  It  over 
of  1i<|iiid  ammuiiia  :  while  fumes  of  hydiochkmte  of  amnu 
foriiiifl. 

?>.  Toko  a  Imttlc  nf  hydrochloric  add 
the  tldpjili'  of  ihc  lotllu :  white  fumci,  g 
fonufd  ubout  Oip  nrniith  of  the  bottlt. 

4.  Tuki'  two  liittli-N;  put  a  little  liquid  anunonia  into  one 
of  Iheiii.  luniiii;;  tlic  hottli'  Touiid  so  as  to  spread  the  amnunua 
oviT  ihf  inicriiir ;  In  like  manner  introduce  hydrodiloiic  acid 
iiilo  thi-  oiIkt  boitli^  1  brin)!  the  mouths  of  the  bottles  togtOMT, 
an  in  the  aiiiiexcl  cut :  the  dense  white  fumcf  of  bydiocUonte 
of  amnmiiia  on,'  ijUKluceU. 

5.  Take  orpuil  jmris  of  hTdrochJoraie  of  ammonia  (lal  am- 
moniaiO  and  qniik  liiQC,  rnth  sepirately  powdered,  and  mix 
thiin  liii-kly  topcihcr ;  the  strong  pungent  fumes  of  ammoni- 
nciil  ga,*  will  l>f  fult. 

a.    rcrfpmi  the  'ame  csperimcnt  with  a  mixture  of  ; 
linie  :  ninmonia  is  ill  thi»  ciLsc  given  off  from  the  guano. 
'.  To  a  Mlution  of  carboiintc  of  amnuinia  add  a  solution 
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aboat  fifty  miles  above  the  tops  of  our  highest  mountains. 
This  subtle,  elastic  fluid  bears  on  its  tide  the  exhalations  of 
the  earth  over  every  climey  descends  to  the  lowest  depths 
of  our  mines,  and  penetrates  into  the  recesses  of  our  darkest 
caverns.  Although  invisible  to  the  eye,  and  although  bodies 
move  through  it  with  apparent  ease,  yet  the  chemist  has 
weighed  it  in  his  balance,  and  determined  its  composition  with 
an  exactness  which  challenges  dispute.  £very  where  the 
composition  of  the  air  is  the  same,*  —  as  far  as  regards  its 
essential  elements,  —  whether  it  be  taken  from  the  confined 
allejTS  of  our  crowded  cities,  or  from  the  mountain  tops  over 
which  the  healthful  winds  play  with  unobstructed  freedom. 
Winds,  air  in  motion,  drive  our  vessels  through  the  ocean, 
and  perform  useful  labor  in  our  windmills.  The  atmosphere 
is  the  great  agent  by  which  heat  is<  nearly  equally  distributed 
over  the  earth,  and  without  its  agency  light  itself  would 
scarcely  serve  the  purposes  for  which  it  is  designed.  By  its 
means  moisture  is  scattered  over  the  vegetable  creation  in  the 
form  of  rain  and  dew ;  and  these  rains  wash  d6wn  ammonia, 
nitric  acid,  and  various  exhalations  essential  to  the  growth  of 
plants. 

The  substances  essential  to  the  constitution  of  the  atmos- 
phere are  oxygen,  nitrogen,  carbonic  acid  gas,  and  watery 
vapor.  The  oxygen,  as  we  have  shown,  is  necessary  to  the 
existence  of  the  animal  world,  and  to  the  support  of  combus- 
tion ;  while  the  nitrogen  tends  to  moderate  the  intensity  of 
the  acUon  of  the  oxygen.  The  comparatively. small  portion 
of  carbonic  acid  gas  in  the  air  affords  an  important  part  of 
the  food  to  the  vegetable  world,  and  the  watery  vapor,  besides 
serving  other  important  purposes,  tends  to  keep  the  skin  of 
animals  and  the  surface  of  plants  in  a  moist  condition.  The 
beautiful  adjustment  of  the  relative  proportion  of  these  sub- 
stances to  suit  the  wants  of  animals  and  plants,  is  a  remarka- 

*  'fhis  arises  from  the  diflfiisiTeness  of  gases,  or  the  tendency  which  they 
have  to  intermix  with  each  other,  without  regard  to  their  difference  of 
density  or  heaviness. 

89* 
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1)]c  in-^tancu  of  llii^  iik-c  ailaplatioa  of  means  for  the  produc- 
tion <){'  n  )iro|ii)^cil  uui]. 

Thi-  nir  i^  btiing  coulinually  supplied  wiUi  carbonic  acid  gu 
from  tlic  respinition  of  animals  -,  from  die  burning  of  wood, 
cuiiL  and  other  combuslible  bodies;  and  from  »11  animal  and 
\-<.-g<;(able  sulM'tunces  in  a  Blate  of  decay.  Farm  yard  manure, 
nlf o.  i>ut  into  tlic  soil  in  a  furnienting  state,  yields  an  nbiindaat 
Bii|ijily  of  (urboiiic  ai'id  gas,  as  well  as  of  ammonia,  to  the 
growiii<;  {ilant.  Thi;  ntmospliere,  however,  affords  the  chief 
KOur<«  ul'  i-urbonii:  mid  to  pitints,  whicli,  assimilating  the  car- 
bun,  (five  off  tlie  oxygen  into  the  air,  to  make  up  the  de&i^en- 
(■y  produced  by  lliu  respiration  of  animals.  Guided  by  on 
utisccu  power,  one  part  of  creiiliou  administers  to  the  neces- 
sities of  iinulhLT  pnrt :  thus  plants  tuid  animals  arc  Decessary 
to  cucb  otiicr'd  existence,  —  the  one  supplies  w lint  the  other 
consumes,  —  what  h  discharged  as  nseless  from  the  one 
becomes  essential  fotid  lo  the  other.  This  remarkable  law  of 
compensation  seems  to  run  through  the  whole  of  the  unirerse^ 
and  n  pnipcr  itp]ireciitlion  of  its  nature  cannot  fail  in  forcibly 
impre?sin^  U]M>n  our  minds  the  great  and  solemn  fact  —  that 
tlju  iinivi.'i>C'  ii  tin;  uurk  of  a  Boing  infinite  in  wisdom,  good- 
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2.  Invert  a  bottle  F,  filled  with  water,  in'  the  same  fluid ;  the  water 
remains  suspended  in  the  bottle  fay  the  pre»ure  of  the  external  air.  Blow 
through  a  tube  gtt  into  the  mouth  of  the  bottle ;  the  air  riaoB  in  bubbles 
through  the  water  and  displaces  it. 

This  explains  the  principle  upon  which  ihs  pneumtxtic  trough  depends. 
TUs  simple  piece  of  dwrnical  i^^paratus  is  used  iot  receiving  diflerent 


Fig.  13. 

kinds  of  gasses  in  bottles  and  gas  receivers :  it  consists  of  a  rectangular 
trough  W  W,  with  the  shelf  h  b,  having  a  flmnel-shapcd  hole  passing 
through  it,  for  placing  the  bottles  and  receivers  on ;  when  it  is  about  to 
be  tnedt  water  is  poured  into  the  trough,  so  as  to  cover  the  shelf  to  tha 
depth  of  about  an  inch ;  the  mouth  of  the  bottle  intended  to  receive  the 
gas  is  placed  over  the  hole  in  the  shelf,  and  the  beak  of  the  retort,  in 
which  the  gas  is  being  formed,  is  placed  immediately  below  this  orifice  : 
the  gas  then  rises  in  the  bottle  and  displaces  the  water. 

In  the  annexed  cut,  r  is  the  retort,  containing  the  mixture  from  which 


Fig.  14. 


the  gas  is  to  be  made,  '^ith  its  beak  placed  below  the  hole  in  the  shelf  10  ; 
T  the  pneumatio  trough  filled  with  water;  «  the  gas  receiver;  S  the 
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ti.rt  Manil,  iviiliii*rii!i!siipiior1iiislliPiTtort  r;  A  an  Aiyatnl  lamp,*iib 


II  tW 


ii.l1  li 


N.  II.  In  tilt'  ]ir<ii!U'»(iciii  iif  ga^tv  in  tliU  wny,  it  tbould  be  ebwnred 
tltiit  till'  >,-:h  wiMi  liivt  cinii-K  over  ia  mixed  with  the  HtmwphcHc  airin 
Ilmntiirl:  luiut' ii  voluim- uf  gtis  oqunl  to  about  tiHcc  the  i-ulumeof 
ih.'  n-liiit  •'luiiilit  1h'  tliri'wn  awuv  b9  impure ;  this  should  «spud>llv  ba 
atti'iiilv.l  111  iu  till'  iii-t-  ul'  ■^an.ti  vsutli  as  hyilrogon)  whivh  dctouAle «bfli 
ii.ixiil  Willi  iilm"~ii1uii.-  uir. 

(ij-i-.  in;iy  I'-j  li;m-!lirMl   from  one  vessel  to  __^^ 

n!i..t!i  T,  iivi  r  ilii-  j'lii  uiiiiitiL'  tmiish.    In  order  to  [TX' 

triiusf.r  11«'  2;h  ^.-u  ,.  10 '.,  liriiig  the  lower  edge  [..-jj 

(if.'  i.i  till'  iui):ii!i  111'  It;  •^tai\\ia\\\-  depress  the  up-  ',--'!! 

ji.T  iiiil  ul.' ;  bulil.'i-.s  uf  cEid  will  pais  from  t  and     j-.  _'/— . 

ii!:ii.-r,.-,-iA.  *■■  -■-^•^t:.-. 

WIm'ii  II  Ur:;,'  (inniilily  of  las  is  to  be  mnde,  tlie 
piit  /i.i?.-.'i;' !>]>rdir.il.K'  tn  llie  pneumatic  trough,  Fig.  13. 

'rliL>.  viiliiiiMr  pii'r  ciif  ;i|iji!ii-;itus  coiirisls  of  a  cli»«l 
.yliudriiMl  v.— fl  A,  iiu.l  a  fliilf  L,  open  at  the  top,  nipported  on  thr« 
Tod. ;  a  ,■  if.  a  pi]-',  i>]ii  ii  at  eiuh  cxtrnnity,  reaching  from  th«  bottom  rf 
'V  llie  cylinder 
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the  had  Ibimtain ;  introduce  the  tobe  procee^bg  from  the  retort  into  the 
apertoze  h  ;  the  gas  will  then  rise  in  bubbles  into  the  cylinder,  displacing 
the  water  through  h.  To  fin  a  jar  B  with  the  gas :  Pour  water  on  the 
ahdf  B  ;  open  the  cocks  6  and  a  ;  the  gas  then  rises  in  bubbles  into  B, 
from  the  pressure  produced  by  the  column  of  water  in  the  pipe  a  e.  The 
gas  may  also  be  transfiored  through  the  cock  tL 


SULPHUB. 

m 

19.  This  important  elementarj  substance  abounds,  in  its 
simple  state,  in  the  Island  of  Sicily,  and  in  many  volcanic 
countries.  It  is  also  found  in  combination  with  iron  and  cop- 
per, in  many  parts  of  the  world.  Sulphuric  acid  is  the  most 
important  compound  of  sulphur ;  united  with  various  bases, 
such  as  lime,  soda,  magnesia,  &c.,  it  forms  sulphates,  which 
are  found  abundantly  in  the  mineral  kingdom. 

SXPXBDCSNTS. 

1.  Heat  sulphur  in  a  test  tube ;  the  sulphur  fiitt  melts,  and  then 
rises  in  vapor,  which  condenses  in  the  cold  part  of  the  tube.  (See  also 
Exp.  1,  Art  1,  and  Exp.  5,  Art  11.) 

2. 'To  a  solution  of  baryta  add  sulphuric  acid ;  the  white  precipitate 
of  sulphate  of  baryta  falls,  which  is  ;iot  dissolved  by  nitric  add.  This 
is  the  best  test  for  the  presence  of  sulphuric  acid. 

3.  Put  some  sulphuret  of  iron  in  a  bottle,  and  pour  some  diluted  sul- 
phuric acid  upon  it ;  sulphuretted  hydrogen  gas  is  given  off,  which  has 
the  smell  of  rotten  eggs-;  dip  a  slip  of  white  paper  in  a  solution  of 
acetate  of  lead,  and  suspend  the  paper  in  the  bottle  containing  the  gas : 
the  paper  is  rendered  black  from  the  formation  of  the  sulphuret  of  lead. 

Sulphuretted  hydrogen,  or  hydrotuJphiarie  acid,  is  highly  inflammable, 
and  is  much  used  as  a  test  for  the  presence  of  different  Idnds  of  metals. 
The  fumes  of  this  gas  should  be  avdded,  as  it  is  deleterious  to  animal 
life.* 

PHOSPHORUS. 

20.  This  elementary  substance  is  very  inflammable,  and 
therefore  should  be  bandied  with  great  caution.    It  has  very 

•  AH  fUmes  given  off  by^emical  action  should  be  carefuUy  avoided. 


4GG  NATLRAL   AKD   EXPEBIXEKTAL   FHILOBOPHT. 

much  tlic  appearanco  And  consistence  of  WKC    PboBphcmi 

U  now  universiiilj'  pn-pareil  from  bones. 

ExFEBniBirn. 

I.  Fold  alhin  elico  of  dried  phoepborui  in  a  piece  of  ftfK;  nbit 
bri>k1y  niih  any  tinonth  body :  the  beat  produced  by  the  fiiction  qieed- 
ilj*  igiiilis  the  jilii»iiiln)ni». 

'2.  ^^'^tl;  uinii  tlio  wul)  nith  s  Mick  of  phcsphonu,  (wrapped  mmd 
ivilh  u  i>iiicc  of  paiKT  ;)  the  n-riting  appeals  luminoua  in  the  daik.  (See 
■ilM)Kxp.  4,  Art.  II.) 

.t.  i'hoiphvnUird  bydro^n  gat,  —  Fat  Kane  line  cnttingi  and  S  frw 
nnall  tUi-nuC  jihiin{ihorun  into  a  glass  tumbler  i  take  the  glM*  into  • 
dutk  riHun,  and  ail  J  Njnio  diluted  sulpbuiic  add  :  the  mixtuie  ^ppcan 
like  It  well  tif  Jire,  m  tmifcquiaice  of  the  esrqte  of  phosphuietted  hydio- 
gcu  g^,  wliii'h  i^^iituii  si>outiincciubIy  when  it  cornea  into  the  aii. 


SI.  This  elementary  substance  is  solid,  having  a  darkUuish 
rolur,  villi  a  Mimewliat  metallic  lustre.  It  is  foand  in  wet, 
vnliM-  uikI  marine  plants.  It  is  liighlf  soluble  in  alcohol,  bat 
s  i^paritigly  dissolved  by  water.     Its  most  important  compound 
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CHLOBINE. 

22.  Chlorine  is  a  greenish-yellow  gas,  (hence  its  name,) 
which  has  a  pungent,  suffocating  odor  ;  it  is  not  inflammabley 
but  in  certain  cases  it  supports  combustion ;  indeed,  some  bodies 
isnite  in  it  spontaneously.  It  combines  with  the  metals,  form- 
ing chlorides ;  thus  common  salt  is  a  chloride  of  sodium.  With 
oxygen  it  forms  acids ;  the  most  important  of  these  is  chloric 
acid,  which,  combined  with  potassa,  forms  chlorate  of  potassa,  a 
Bait '  largely  employed  in  the  manufacture  of  lucifer  matches* 
Chlorine  destroys  many  coloring  matters  and  offensive  effluvia. 


EXFERIXEMTS. 

1.  Put  a  table  spoonftil  of  chloride  of  lime  (common  bleaching  powder) 
into  a  bottle ;  add  an  equal  bulk  of  hydrochloric  acid ;  chlorine,  in  the 
fana  of  a  greenish-yellow  gas,  soon  fills  the  bottle  :  introduce  a  lighted 
candle ;  it  bums  with  a  dull  red-colored  fiamo  in  the  gas ;  suspend  a 
moigtened  slip  of  blue  litmus  paper  (or  any  other  colored  substance)  in 
the  gas :  the  paper  is  soon  bleached  by  the  gas. 

2.  To  a  mixture  of  common  salt  and  black  oxide  of  manganese  add 
sulphuric  acid ;  chlorine  gas  is  given  off.  This  is  a  highly  convenient 
way  of  using  chlorine  for  purposes  of  fumigation.  The  chlorine  destroys 
all  noxious  malaria. 

3.  Add  hydrochloric  acid  so  as  to  cover  half  a  tea  spoonful  of  chlprate 
of  potassa  in  powder,  in  a  small  bottle ;  chlorine  gas  (mixed  with 
ehkrous  add)  is  generated ;  dip  a  slip  of  -x^iiting  jxiper  into  oU  of  tur- 
pentine, and  introduce  it  into  the  gas :  combustion  immediately  takes 
place.    Perform  the  bleaching  experiment  described  in  Exp.  1. 

Chlorous  acid  explodes  with  great  violence,  when  heated 
eren  to  a  moderate  temperature. 

4.  Mix  a  few  grains  of  powdered  lump  sugar  with  twice 
the  quantity  of  chlorate  of  potassa ;  let  £^11  a  drop  of  sul- 
phuric acid  on  the  mixture;  chlorous  acid  is  disengaged, 
which  immediately  inflames  the  mixture. 

5.  Carefully  fold  in  a  piece  of  poB^  a  little  chlorote  of 
"pataasa.  in  powder,  with  a  small  pieoHf  phosphorus ;  strike 
the  mixture  with  a  hammer :  a  loud  explosion  takes  place. 

6.  To  inflame  phosphorus  under  wafer,  —  Put  some  crys- 
tals of  chlorate  of  potas^sa,  together  with  a  few  slices  of  phos- 
phorus, into  an  ale  glass ;  fill  the  glass  with  cold  water ;  let 


Fig.  17. 
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fall  a  few  drops  of  sulphuric  acid,  by  means  of  «  pipette^  on  the  chkntie 
of  potossa :  the  acid  takes  up  thiC  potassa  from  the  salt,  and  sets  te  a 
compound  of  chlorine  and  oxygen,  'which  iuflamca  the  phosphorus. 


UTDROCHLORIC    ACID. 

23.  Hydrochloric  acid,  or  muriatic  acid,  is  a  gas,  oomposed 
of  hydrogen  and  chlorine ;  it  is  largely  dissolved  by  water, 
fornuDg  common  aqueous  hydrochloric  acid. 

EXPEIUMENT. 

Add  diluted  sulphuric  acid  to  common  salt,  in  a  bottle ;  hydrochloric 
acid  gas  is  given  off  'with  effervescence,  and  fills  the  bottle ;  suspeod  a 
slip  of  moLst  blue  litmus  paper  in  the  gas :  the  color  is  changed  to  zed ; 
plunge  a  lighted  candle  into  the  gas  :  the  flame  is  extinguished. 

In  this  experiment  the  acid  decomposes  the  salt,  'which  is  a  csompoimd 
of  chlorine,  sodium,  and  water ;  the  hydrogen  of  the  water  unites  with 
the  chlorine,  and  forms  hydrochloric  acid  gas ;  and  the  oxygen  of  the 
"water  unites  "with  the  sodium,  and  forms  soda,  which  combines  with  the 
sulphuric  acid,  and  forms  the  sulphate  of  soda. 


Section  m. 

« 

METALS  AND  METALLIC  OXIDES. 
POTASSA  AND  SODA. 

24.  Potassium  and  sodium,  united  with  oxygen,  form 
potassa  and  soda.  These  important  substances  are  called 
Jixed  (dkcdies^  to  distinguish  them  from  ammonia,  which  is 
called  the  volatile  alkali.  (See  Art.  II.)  Potassa  is  found 
in  the  ashes  of  plants,  and  soda  in  the  salt  of  sea  water. 

ExFERIMEXDi. 

1.  Throw  a  grain  of  potassium  upon  water ;  it  floats  on  the  water,  and 
takes  ^xe :  a  solution  of  potassa  is  formed  by  the  union  of  the  gjLtggi 
of  the  water  with  the  metal. 
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2.  Bum  tome  pieces  of  wood ;  collect  the  ashes,  and  pour  water  upon 
them  to  disBoWe  the  potaasa  which  is  in  them ;  add  a  solution  of  some 
yegetable  blue :  the  color  is  changed  to  green. 

3.  Boil,  in  an  iron  yessel,  equal  weights  of  slaked 
lime  and  carbonate  of  potassa  (pearl  ashes)  in  about 
twelve  times  the  weight  of  water;  the  carbonic 
acid  unites  with  the  lime,  fbrming  the  insoluble 
carbonate  of  lime,  leaving  the  potassa  in  solution. 
€k>Ter  the  mixture^  and  allow  it  to  stand  until  the 
caxbonate  of  lime  subsides;  draw  the  clear  solution 
off  by  means  of  a  siphon.*  "When  a  solution  of 
potassa  is  exposed  to  the  air,  it  speedily  takes  up 
caxbonic  add,  and  returns  to  the  state  of  carbonate 
of  potassa. 

4.  To  a  strong  solution  of  carbonate  of  potassa  i^d  a  solution  of  tar- 
ttfic  add ;  ciystals  of  bitartrate  of  potassa  (cream  of  tartar)  are  finned 
with  the  escape  of  caibofiic  add  gas,  . 

5.  Boil  nitrate  of  potassa  (nitre)  in  water,  so  long  as  ai^  of  the  salt 
IS  taken  up ;  decant  the  solution,  and  as  it  cools,  crystals  of  nitre,  in  six* 
sided  prisms,  are  deposited. 

Soda  is  found  in  the  ashes  of  sea  weed ;  it  is  also  obtained  from  com- 
mon salt*    Thecompoundsof  soda  are  very  similar  to  those  of  potassa. 


LIME. 


25.  Chalk,  limestone,  marble,  lime  shell,  and  calcareous 
spar,  are  all  compounds  of  lime  and  carbonic  acid.    Lime 


*  Insoluble  substances,  or  predpitates,  are 
usually  separated  from  liquids  by  filtration,  ^ 
which  consiBts  in  passing  the  liquid  through  JU- 
iering  paper  placed  in  a  funnel /*;  by  this  pro- 
cess the  clear  liquid  drops  into  the  glass  g,  and 
the  predpitate  or  insoluble  substance  remains  on  , 
the  filtering  paper. 

These  filters  are  formed  by  making  two  folds, 
in  a  round  piece  of  paper,  at  right  angles  to  each 
other,  and  in  a  contrary  direction;  when  this 
piece  of  paper  is  placed  within  the  fimnel,  it  will  assume  the 
form  of /»,  shown  in  the  cut.  The  liquid  to  be  filtered  should 
be  carefiilly  poured  upon  the  tide$  of  the  filter,  so  as  not  to  in- 
jure the  paper  at  the  bottom  part.  Before  use,  the  filter  paper 
should  be  moistened  with  disUlled  water. 

40 
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forms  an  essential  constituent  of  all  good  toils.  Mixed  with 
vegetable  or  animal  substances,  it  promotes  their  decay,  and 
at  the  same  time  absorbs  the  noxious  gases  that  are  given  off- 
Lime  is  an  oxide  of  a  metal  called  caldum. 

ExPEBlXBZfTi 

1.  Ezpoee  lime  water,  in  an  open  veMd,  to  the  air ;  a  orast  of  car- 
bonate of  lime  toon  appeals  upon  the  suitace.  See  also  Ezperimenta  2, 
3,  and  4,  Art.  12. 

2.  Pour  hydrochloric  add  upon  some  pieces  of  chalk,  so  long  as  any 
efTervwcence  is  seen :  a  solution  of  chloride  of  calcium  is  formed. 

3.  Make  a  solution  of  nitrate  of  lime^  by  adding  nitric  acid  to  chalk, 
after  the  manner  of  the  last  cxpcrim$*nt. 

4.  Pour  a  little  of  the  solution  of  chloride  of  caldum  into  an  ale 
§(iam,  and  about  the  same  quantity  of  strong  sulphuric  add  into  another 
glass ;  pour  ^jae  latter  quickly  upon  the  fooner ;  a  violent  efienreBcence 
takes  place  from  the  escape  of  hydrochloric  add :  a  solid  white  sub- 
stance, sulphate  of  lime,  is  fbnned.  O^ing  to  the  condensation,  groat 
heat  is  evolved. 

6.  To  any  solution  of  lime  add  oxalate  of  ftmnynnia ;  (see  Exp.  7i 
Art.  16  :)  the  white  insoluble  oxalate  of  lime  fulls. 

HAGKESIA. 

2G.  This  substance  is  found  in  sea  water,  in  certain  Tarieties 
of  limestone,  (magnesian  limestone,)  and  other  rocks,  and  in 
many  spring  waters.  Magnesia  is  the  oxide  of  a  metal  called 
magnesium. 

ExPZRDfENTS. 

1.  To  diluted  sulphuric  acid  add  carbonate  of  magnesia  (a  white 
powder)  until  effervescence  ceases :  a  solution  of  sulphate  of  T«ag«<«* 
(Epsom  salts)  is  obtained. 

Hoil  off  or  evaporate  a  portion  of  the  water ;  *  set  aside  the  solution 
imtil  it  cools  :  crystals  of  the  salt  will  be  formed. 

2.  To  a  solution  of  sulphate  of  magnesia  add  a  solution  of  caibonate 
of  potassa :  a  white  precipitate  of  carbonate  of  magnesia  is  fanned. 

*  ETaporations  are  best  conducted  in  porcelain  dishes,  or,  aa  they  art 
caQed,  eraponting  dishes ;  the  heat  should  be  applied  l>y  a  land  bath,  or  hf 
sn  Aigand  lamp  with  a  tin  or  copper  chimney. 
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This  distinguishes  Epsom  salts  from  oxalic  acid,  a  poison  frequently 
Tttiatiiirffti  ioat  the  fonner.  It  is  further  to  be  observed,  that  oxalic  acid  is 
sour  to  the  taste,  whereas  'Epeom  salts  are  bitter.  Oxalic  add  is  dissi- 
pated when  thrown  upon  hot  dndeni  whereas  Epsom  salts  leaye  a  white 
Ti^aii  behind* 

ALUMINA. 

27.  This  earth  is  an  03ude  of  a  metal  called  aluminium ;  it 
abounds  in  common  claj.  It  is  distinguished  by  its  insolubil- 
ity in  water,  and  by  being  dissolved  in  a  solution  of  potassa. 
Ahim  is  one  fif  its  most  useful  and  common  compounds.  This 
salt  contains  alumina,  potassa,  and  sulphuric  acid.  Pure  clay 
is  a  compound  of  silica  and  alumina,  in  the  proportion  of  about 
3  parts  of  the  former  to  2  of  the  latter. 


1.  Add  ammonia  to  a  solution  of  alum :  alomina  fidls  Ip  consequence 
of  the  ammonia  comhuiing  with  a  portion  of  the  add. 

2.  Perfona  the  same  experiment,  using  potassa  or  soda. 

3.  In  a  saturated  solution  of  alum  suspend  a  basket  formed  of  wool- 
len thread :  the  alum  forms  beautiful  crystals  on  the  thread,  thereby 
fimning  an  ahun  btukei. 

SILICA. 

28.  This  earth,  like  alumina,  is  very  abundant  in  nature. 
Quartz  is  nearly  pure  silica,  and  it  is  the  chief  ingredient  in 
sand  and  common  flint  Mixed  with  clay,  it  forms  the  great 
body  of  soils.     Silica  is  an  oxide  of  silicon. 

EXTSBIUIINTH* 

1.  Mxonepartof  fine  sand  with  three  parts  of  carbonate  of  potassa; 
fiise  the  mixture  in  a  crudble ;  cazbonic  add  is  driven  ofi^  and  the  silica 
and  potassa  comlxne  and  form  a  glass,  called  silicated  potassa,  which 
readily  dissolves  in  water;  pour  out  the  silicated  potassa  on  an  iron 
plate ;  dissolve  a  portion  of  it  in  water.  This  experiment  is  highly  im- 
portant, considered  in  relation  to  agricultural  sdence. 

2.  To  the  solution  of  silicated  potassa  add  a  solution  of  hydrochloB^ 
of  ammonia;  the  hydrochloric  add  oombineB  with  the  potassa,  and  tSe 
silica  is  predpitated. 
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« 

IRON. 

29.  This  valuable  metal  is  found  in  a  great  Tariety  of  fonni 
in  nature.  Combined  with  oxygen,  it  is  found  as  an  oxide  of 
iron ;  with  sulphur,  as  a  sulphuret  of  iron ;  with  carbonic 
as  a  carbonate  of  iron. 


1.  Place  some  iron  filings  in  8  saucer ;  moisten  them  from  day  to  di]r» 
until  they  become  rttMt,  or  oxide  of  iron,  by  combining  with  oxygen. 

2.  To  some  iron  filings  add  diluted  sulphuric  add:  Mydiogen  gas  is 
given  off,  and  a  solution  of  iron  (green  vitriol)  is  formed.  Here  the 
oxygen  of  the  water  comlnnes  with  the  iron,  fimning  oxide  of  iron, 
which  unites  with  the  acid,  forming  the  sulphate  of  the  oxide  of  iron, 
or,  as  it  is  simply  called,  sulphate  cKf  iron. 

Decant  the  dear  solution,  evaporate  it,  and  set  it  aside;  when  tfat 
aolution  is  cold,  green  crystals  will  appear. 

3.  Add  a  few  drops  of  a  strong  sdutioa  of  sulphate  of  iron  to  four 
glasses  containing  water :  — 

I.  To  the  first  add  a  solution  of  potassa :  oxide  of  iron  falls, 
u.  To  the  second  add  a  solution  of  carbonate  of  jratassa :  carbonate 

of  iron  falls. 
in.  To  the  third  add  a  solution  of  pnissiate  of  potassa :  a  fine  Uue 

predpitatc  of  Prussian  blue  is  formed. 

In  these  three  experiments,  the  sulphuric  add  combines  with  the 
potassa,  and  remains  in  solution. 

IV.  To  the  fourth,  add  an  infusion  of  galls :  the  black  gallate  of 
iron,  the  substance  which  gives  the  color  to  ink,  after  a  few 
seconds  appears. 

4.  To  a  glass  of  water  add  a  few  drops  of  ink ;  add  oxalic  or  hydro- 
chloric acid  :  the  color  disappears. 

6.  Write  on  paper  with  a  very  diluted  solution  of  sulphate  of  iron ; 
when  dry,  the  writing  is  invisible ;  wash  it  over  with  a  solutioa  of  pros- 
Biate  of  potassa :  the  writing  appears  of  a  fine  blue  color. 

COPPER. 

^0.  This  metal  exists  in  nature  in  its  pure  or  metallic  state ; 
but  it  18  chiefly  found  as  a  sulphuret  of  copper,  (copper 
pyrites.) 


^ 
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1.  Heat  copper  for  some  tfine  in  the  fire ;  suddenly  plunge  the  heated 
capipa  into  li'ater:  the  oxide  of  copper  is  formed  in  scales^on  the  surface 
of  themetaL 

2.  Put  some  slips  of  oof^per  into  diluted  nitric  acid,  which  is  colorless : 
a  pordon  of  the  copper  is  soon  dissolved  by  the  nitric  acid,  and  a  fine 
blue  solution  of  nitrate  of  copper  is  formed.  Here  a  portion  of  the  add 
gives  up  oxygen  to  the  metal,  forming  oxide  of  copper,  which  combines 
with  the  nitric  acid.    Bed  fiunes  of  nitrous  acid  are  given  oSL 

By  eviq>oration,  this  salt  may  be  obtained  in  crystaliif 

3.  Into  a  solution  of  sulphate  of  copper  (blue  vitriol)  dip  a  dean  piece 
of  iron :  the  plate  is  covered  with  metallic  copper.  Here  the  copper  is 
predpitated  in  consequence  of  the  iron  uniting  with  the  acid  to  fonn 
w^LgS^gteoi  iron. 

4.  Add  two  drops  of  a  strong  solution  of  sulphate  of  copper  to  two 
glasses  containing  water :  these  solutions  will  be  nearly  colorless. 

I.  To  the  first  add  a  drop  of  ammonia ;  light  blue  oxide  of  copper 
falls :  add  ammonia  now  in  excess ;  the  precipitate  is  re- 
dissolved,  and  the  solution  assumes  a  fine  deep-blue  color. 
This  is  a  very  delicate  test  of  the  presence  of  copper, 
n.  To  the  second  add  carbonate  of  potassa :  light  blue  carbonate 
of  copper  falls. 

6.  Place  a  few  crystals  of  nitrate  of  copper  on  a  piece  of  tin  foil ;  add 
a  few  drops  of  water  to  the  crystals,  and  quickly  fold  up  the  tin  fdl 
round  them :  a  violent  chemical  action  takes  place,  and  the  tin  foil  in- 
flames. 

LEAD. 

31.  The  most  common  native  form  of  lead  is  sulphuret  of 
lead,  ot  galena. 

EXPEBIMENTB. 

■ 

1.  Heat  lead  in  an  iron  spoon:  it  soon  melts,  and  then  oxidates,  by 
taking  oxygen  from  the  air. 

2.  Arrange  seven  glasses,  each  containing  a  diluted  solution  of  acetate 
of  lead,  (sugar  of  lead.) 

I.  To  the  first  add  an  alkali :  the  oxide  of  lead  falls. 

If.  To  the  second  add  carbonate  of  potassa :  the  white  carbonate 

of  lead  (white  lead)  falls, 
m.  To  the  third  add  sulphuric  add,  or  any  sulphate:  white  sul- 
phate of  lead  falls. 

40* 
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IT.  To  the  fourth  add  hydzochloxic  acid :  white  chloride  of  kid 

falla. 
V.  To  the  fifth  add  a  few  drops  of  a  solutiaQ  of  iodide  of  polM- 

sium :  the  bcautifid  yellow  iodide  of  lead  falla. 
Ti.  To  the  sixth  add  a  few  drops  of  the  solutioQ  of  chiomate  of 

potassa :  yellow  chromate  of  lead  fiOls. 
nx.  To  the  seventh  add  hydrosnlphuiet  of  ammonia:  the  black 

sulphuret  of  lead  falls.    (See  Exp.  4,  Art.  60.) 

3.  Suspend  a  piece  of  zinc  in  a  moderately  strong  solution  of  acetate 
of  lead :  the  lca4  appears  dq)08itcd  on  the  zLoc  in  an  arborescent  fixnn, 
producing  what  is  called  the  lead  tree.  Here  the  &nc  takes  the  place  cf 
the  lead,  and  the  latter  is  precipitated. 

CUROME. 

0 

32.  The  most  common  salt  of  this  metal  is  l)ichromate  of 
potassa. 

EXPERXMENTS. 

Arrange  four  glasses,  each  containing  a  diluted  solution  of  bichiomate 
of  potassa. 

1.  To  the  first  add  carbonate  of  potassa :  it  unites  with  the  excess  of 
acid,  and  ycUow  chromate  of  potassa  appears. 

2.  To  the  second  add  acetate  of  lead.    (See  Exp.  2,  Art.  31.) 

3.  To  the  third  add  a  few  drops  of  the  nitrate  of  mercury:  the 
orange-colored  chromate  of  mercury  falls. 

4.  To  the  fourth  add  a  few  drops  of  the  nitrate  of  alver,  (hmar 
caustic :)  brick-red  chromate  of  silver  falls.     ^ 

MEUCURT. 

33.  This  metal  is  sometimes  found  native  in  the  metallic 
form,  but  it  is  most  commonly  combined  with  sulphur.  This 
metal  is  a  fluid  at  ordinary  temperatures. 

Experiments. 

1.  Heat  a  few  grains  of  mercury  in  a  test  tube  over  the  spirit  lamp : 
the  mercury  rises  in  vapor,  and  condenses  in  globules  in  the  cold  part  of 
the  tube. 

2.  Heat  a  little  sulphur,  with  about  five  times  its  weight  of  mercury, 
in  a  test  tube :  close  the  mouth  of  the  tube  lightly  with  the  forefinger : 
vermilion,  or  bisulphuret  of  mercury,  is  formed. 

8.  To  a  solution  of  chloride  of  mercury  (oonosive  suUimate)  add  a 
fow  drops  of  iodide  of  potassium :  a  zed  binioidide  of  moouzy  fidk. 


/ 
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4.  Heat  Bome  mercuiywith  nitiio  add;  the  mercury  takes  oxygen 
from  a  portum  of  the  add,  and  combines  with  the  other  portion ;  and  a 
solution  of  nxtnte  of  mercury  is  formed. 

ZINC, 

34.  This  metal  is  now  much  used  for  making  water  pipes 
and  spouts. 

£XFEBIMENT8. 

1.  Tkke  the  solution  dT  sulphate  of  zinc  obtained  by  Ezp.  1,  Art  14  ; 
evaporate  a  portian  of  the  water  off;  set  the  liquid  aside  to  cool :  pris- 
matic crystals  of  sulphate  of  dnc  &1L 

2.  To  a  solution  of  sulphate  of  one  add  a  few  drops  of  ammonia,  (or 
potassa :)  white  oxide  of  zinc  falls.  Add  ammonia  in  excess :  the  pre- 
dpitate  is  completely  redissolved. 

3.  To  a  solution  of  zinc  add  a  few  drops  of  the  carbonate  of  ammo- 
nia: cazbonate  of  zinc  fidls,  which  is  redissolved  by  an  excess  of  the 
precipitant.  These  two  experiments  fenn  the  tests  for  the  presence 
of  zinc  ^ 

SILVER.  ^ 

35.  Silver  is  distinguished  by  its  brilliant  lustre  and  fine 
white  color. 

EXFEBDCENTS. 

1.  To  a  few  small  pieces  of  silrer  add  diluted  nitric  add ;  apply  heat 
untfl  the  add  ceases  to  give  off  Amies :  a  solution  of  nitrate  of  silyer  is 
obtained ;  as  the  solution  cools,  crystals  are  deposited. 

2.  To  a  solution  of  nitrate  of  silTcr  add  potassa :  an  ash-gray  powder 
of  oxide  of  sihrer  fells.' 

8.  To  a  Tery  dilated  solution  of  nitrate  of  silTer  add  hydrochloric 
add :  chloride  of  silyer  fells  in  the  ferm  of  a  white,  curdy  substance, 
which  soon  becomes  black  upoa  exposure  to  the  light. 

4.  Write  upon  Hnen  with  a  solution  of  nitrate  of  silver,  and,  when 
the  writing  is  dry,  wash  it  with  a  solution  of  potassa :  the  writing  soon 
becomes  pennanently  Uack,  owing  to  the  fermation  of  oxide  of  silver. 

GOLD. 

36.  This  metal  is  not  affected  by  exposure  to  the  air,  and 
ordinary  adds  produce  no  action  upon  it 
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EXPKRIMENTB. 

1.  Put  five  or  ax  gold  leaves  iiito  a  test  tube ;  pour  upon  them  a  few 
drops  of  a  mixture  of  nitric  and  hydroehlaric  acids ;  apply  the  flame  of 
a  spirit  lamp :  the  gold  leaves  are  dissolved.  Continue  to  apply  a  gentk 
heat,  so  as  to  expel  any  excess  of  acid  :  terchloride  of  gold  remains.  In 
this  process  chlorino  is  set  fiee  from  the  hydiochknc  acid,  and  combinci 

with  the  gold. 

2.  Cover  a  slip  of  glass  with  a  few  drops  of  the  terchloride  of  gold ; 
apply  the  flame  of  a  spirit  lamp:  the  chlorine  is  expelled,  and  gold  is 
left  upon  the  glass. 

3.  Put  a  drop  of  diloride  of  mercury  on  a  gold  ringi  with  the  point 
of  a  penknife  touch  the  gold  through  the  drop :  s  pennanently  white 
spot  of  an  amalgam  of  gold  is  produced. 

f 

PLATINUM. 

37.  This  metal  is  much  used  for  making  different  kinds  of 
chemical  apparatus,  on  account  of  it  being  very  infasi^le,  and 
scarcely  at  all  acted  upon  oy  ordinary  chemical  agents. 

a 

EXPE&UCENTS. 

1.  ^lix  nitric  acid  with  an  equal  bulk  of  hydrochkric  acid ;  add  the 
mixture  to  a  few  small  pieces  of  platinum  wire  in  a  Florence  flask ;  di- 
gest, —  that  is,  keep  the  liquid  at  a  slow  boiling  heat,  —  until  the  acid  is 
neutralized :  a  solution  of  bichloride  of  platinum  is  fonned. 

To  obtain  it  perfectly  free  from  add,  evaporate  cautiously  to  dqpBSs, 
and  dissolve  the  residue  in  water. 

2.  Add  a  drop  of  the  solution  of  bichloride  of  platinum  to  a  glass  of 
water ;  into  this  solution  let  fall  a  drop  of  iodide  of  potassium :  a  deep 
port  wine  colored  compound  is  immediately  produced.  The  delicacy  of 
this  test  is  truly  remarkable. 

3.  To  the  solution  of  bichloride  of  p1irt"^P"  add  a  adlutkiii  of  hydro- 
chlorate  of  ammonia :  a  yellow  precipitate  is  formed*  a  compound  of 
this  salt  and  platinum. 

Decant  the  liquid,  and  dry  the  precipitate;  put  it  into  the  bowl  of  a 
tobacco  pipe,  and  bring  it  to  a  good  red  heat  in  the  fire  :  metaUic  plati- 
num, in  a  spongy  state,  is  left,  the  other  substances  having  been  ex- 
pelled by  the  heat. 

4.  Hold  the  spongy  platinum  before  a  stream  of  hydrogen  gai :  the 
xnctal  soon  becomes  rod  hot,  and  the  gas  is  ignited. 
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Section  IV. 

DOCTBIKE  OT  EQUIYALENTS.      CHEMICAL    NOMENCLATXTBE, 

SYMBOLS,  ETC. 

38.  When  bodies  combine  with  each  other,  it  is  always  in 
obtain  fixed  or  definite  proportions ;  that  is,  the  same  com- 
pound  substance  always  contains  the  same  elements  combined 
in  a  constant  proportion :  thus  water,  whatever  may  be  its 
quantity,  or  however  generated,  consists  of  8  parts  of  oxygen 
to  1  part  by  weight  of  hydrogen  :  thus  1  part  of  hydrogen, 
combines  with  16  parts  by  weight  of  sulphur,  to  form  sul- 
phuretted hydrogen :  thus  1  part  of  hydrogen  combines  with 
6  parts  by  weight  of  carbon,  to  form  carburetted  hydrogen, 
(defiant  gas.)  The  numbers  representing  the  proportional 
weightHin  which  bodies  combine  are  called  their  ehetniccd 
equivalents. 

Taking  1  as  the  combining  equivalent  of  hydrogen,  8  will 
be  the  combining  equivalent  of  oxygen^  16  that  of  sulphur, 
and  6  that  of  carbon.  Moreover,  while  8  and  6  represent 
the  proportional  numbers  in  which  oxygen  and  carbon  re- 
spectively combine  with  hydrogen,  these  numbers  also  repre- 
sent the  proportion  in  which  oxygen  and  carbon  combine 
with  each  other  or  with  any  other  substances :  thus  8  parts  of 
oxygen  combine  with  6  parts  by  weight  of  carbon,  to  form 
carbonic  oxide.  But  this  is  not  all :  when  the  same  bodies 
combine  in  more  than  one  proportion,  the  proportional  num- 
bers representing  each  successive  compound  are  multiples 
(or,  it  may  be,  submultiples)  of  those  in  the  first  compound. 
This  law  is  exhibited  in  the  following  examples :  — 

Compounds  of  Carbon  and  Oxygen. 


of  Oarboa.          of  Oxygen. 

Cazbonic  oxide 

-•■ 

6         +           8       = 

14 

Cazbomcacid 

m                  m 

6         +         16      » 

22 
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Compounds  of  Nitrogen  ctnd  Oxygen. 


Proportkm 

• 

of  Nitrofen. 

of  OxTcen. 

Protoxide  of  nitrogen     - 

-       14        + 

8            B 

22 

Binoxide  of  nitrogen 

-      H        + 

16       » 

80 

H}'ponitrou8  acid  - 

-       14        + 

24       B 

38 

Nitrous  acid  -        -        - 

-     w      + 

32      ■» 

46 

Nitric  acid     -        •        • 

^      lA        + 

40      ■■ 

M 

The  equivalent  of  a  compound  body  ia  the  sum  of  the 
equivalents  of  its  elements :  thus  the  equivalent  of  carbonic 
oxide  is  14,  this  ntuiber  being  the  sum  of  6  and  8  ;  thus  the 
equivalent  of  nitric  acid  is  54,  this  number  being  the  sum  of 
14  and  40. 

39.  The  following  table  contains  a  list  of  the  names  of  the 
elementary  substances,  so  far  as  they  are  at  present  known, 
with  their  symbols  and  combining  equivalents.  Those  sub- 
stances printed  in  Italics  are  rare,  and  of  comparatiMy  little 
importance. 

Table  of  Equivalents  i 


Sjm. 

Name. 

H. 

Hydrogen 

O. 

Oxygen     - 

N. 

Nitrogen  - 

CL 

Chlorine    - 

C. 

Carbon 

I. 

Iodine 

S. 

Sulphur    - 

P. 

Phosphorus 

F. 

Fluorine   - 

Br. 

Bromine    - 

B. 

Boron 

Sc. 

Selenium  - 

Afl. 

Arsenic     - 

SL 

Silicon 

K. 

META 

Potassiuni 

Na. 

Sodium    - 

L. 

Lithium    • 

Ca. 

Calcium  - 

d  Symhoh  of  62  Simple  SiAslanees. 

Equiv.  1  Sym. 

Name. 

XqniT. 

llAl. 

Alumimm 

- 

-       14 

8    Fe. 

Iron 

. 

-       28 

14    Cu. 

Copper     - 

- 

-      32 

36    Pb. 

1 

Lead 

. 

-     104 

6 

Zn. 

Zinc 

- 

-       33 

126 

Cr. 

Chrome  - 

m 

-       28 

16 

ng. 

Mercury  - 

- 

-     100 

16 

Ag. 

Silver      - 

- 

-     108 

18 

Au. 

Gold 

• 

-     100 

78 

PL 

Platinum 

- 

-      §8 

10 

Sn. 

Tin 

. 

-      £8 

40 

Co. 

Cobalt     • 

• 

-      30 

76 

Mn. 

Manganese 

- 

-      28 

8 

NL 

Niokpl     . 

,- 

-      30 

Ba. 

Barium   - 

• 

-      68 

Sr. 

Strontium 

. 

-      44 

40 

Mg. 

Magnesium 

- 

-      12 

24 

Sb. 

.Aitinxmy 

- 

-     128 

6 

BL 

Bismuth 

- 

-    108 

^^> 

vi^- 

TcUMBrWm 

. 

«       %Ai 
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Syn. 

KftOM. 

XqviT. 

Syin. 

Namo. 

EqiilT. 

V. 

Vanadium 

- 

- 

68 

D. 

Didymium 

- 

? 

u. 

Utnnium 

-  • 

- 

60 

Ln. 

Lanthanium 

- 

-       48 

Mo. 

Molybdenwn 

- 

- 

48 

Ce. 

Cerium    - 

- 

-       46 

Tn. 

Tungsten 

M 

- 

94 

Y. 

Yttrium 

- 

-      32 

•n. 

Titanium 

- 

- 

24 

Tb. 

Terbium 

- 

^ 

Cm. 

Cohtmhium 

- 

- 

184 

£. 

Erbium  - 

a 

? 

Nr. 

Niobium 

M 

- 

? 

Cd. 

Cadmium 

'• 

-      66 

Pe. 

Pelopium 

- 

- 

? 

Pd. 

Palladium 

- 

-      64 

No. 

Norium 

• 

«• 

> 

R, 

Rhodium 

- 

-      62 

Q. 

Olucmum 

- 

- 

26 

08. 

Otmium 

- 

-     100 

Zr. 

Zirconium 

- 

- 

84 

It. 

Iridium 

m 

-      98 

Th. 

Thorium 

■ft 

. 

60 

Ru. 

Buthenium 

m 

-      62 

The  arrangement  of  the  elementary  Bubetances,  in  this  taUe,  Is  merely 
adopted  to  suit  the  order  observed  in  the  other  portions  of  this  work. 

40.  The  first  letter  or  letters  of  the  Latin  name  of  a  sim- 
ple substance  is  taken  as  its  symbol ;  and  the  symbol  of  any 
substance  always  represents  its  combining  equivalent.  Thus 
O  stands  for  one  equivalent  of  oxygen  ;  20,  or  Og,  stands  for 
two  equivalents  of  oxygen,  and  so  on.  Compounds  %re 
expressed  by  the  equivalents  of  simple  substances  which 
enter  into  their  composition :  thus  sulphuric  acid  is  composed 
of  one  equivalent  of  sulphur  and  Ihree  equivalents  of  oxygen : 
the  symbol  of  sul))huric  acid,  therefore,  is  S  4~  O^,  or  more 
simply  SOa,  and  the  combining  equivalent  =  3  X  8  4~ 
16  =  40. 

The  sign  of  equality  (=:)  is  used  to  express  an  identity  of 
compositiony  but  not  always  an  identity  in  the  form  of  the 
arrangement  of  the  elements. 

The  names  given  to  compound  substances  are  such  as  to 
indicate  their  elementary  composition. 

Compounds  containing  oxygen  are  called  acids  or  oxides^ 
according  as  they  da  or  do  not  possess  acidity.  Thus  an  oxide 
of  iron  contains  oxygen  and  iron.  The  termination  ic  is 
added  to  the  name  of  a  substance  when  it  becomes  an  acid : 
thus  we  have  sulphuric  acid,  which  is  a  compound  of  sulphur 
and  oxygen.  When  the  substance  forms  two  acids,  that  which 
contains  the  amftUeBt  portiou  o£  ox^^g^  \«as&SAX^  '^o^  ^a»&\ 
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thus  we  have  gulphurotis  acid.  The  terminadon  ftref  indicates 
the  combination  of  one  simple  substance  witli  another :  thus  we 
have  sulphured  of  iron,  which  expresses  a  compoand  of  sul- 
phur and  iron.  Degrees  of  oxidation  are  sometimes  expressed 
by  Greek  or  Latin  prefixes :  thus  pn>^oxide  expresses  the 
first  degree  of  oxidation,  ^noxide  the  second,  leroxide  the 
third,  and  so  on.  The  highest  degree  of  oxidation  is  usually 
expressed  peroxide.  When  an  acid,  whose  name  ends  with 
an  tc,  forms  a  salt,  its  name  terminates  with  an  cUe  *  thus 
nitnc  acid  forms  a  nitra^6  ;  while  a  sulphurous  acid  forms  a 
sulphide  ;  and  so  on  to  other  cases. 

EXEBCISES  ON  THE  UsB  OP  ChESHCAL  FoRMULX. 

41.   One  of  the  greatest  advantages  of  chemical  fbrmuUe 
is,  that  they  enable  us  to  represent  chemical  combinations  and 
,  changes  with  such  clearness  and  precision. 

1.  1  eq.*  water  ==  1  eq.  hydrogen  +  1  cq.  oxygen 

=  n  +  O.  or  HO, 
=  1  +  8=9. 

2.  1  eq.  carbonic  acid  =  1  cq.  carbon  +  2  eq.  oxygen 

t=  C  -I-  O2,  or  COj, 
==  6  +  2  X  8  =  22. 

3.  1  eq.  nitric  add  aes  l  eq.  nitrogen  +  6  eq.  oxygen 

=  N  +  O5,  or  NOs, 
=  14  +  6  X  8  s=  64. 

4.  I  eq.  potaasa  =s  Leq.  potassium  +  1  eq.  oxygen 

=  K  4-  O.  or  KO, 
=  40  4-  8  =  48. 

5.  1  eq.  carbonate  of  potassa  &=  1  eq.  potasn  +  1  eq*  nartwnic  tdd 

=  KO  +  COi,  or 

KO  CO* 
r=  48  +  22  =  70. 

6.  1  e^.  ammonia  as  1  eq  nitrogen  +  3  cq.  hydrogen 

=  N  +  Hg.  or  NHa, 
=  14  +  3  X  1  =  17. 

*  Bq.  ii  used  aa  «a  i^\»n:s\».^qri^  ^e^fc^»i<iA>tyfcm\iNL> 
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7.  1  eq.  hydxochlatiQ  add  =*  1  eq.  hydrogen  +  1  eq«  chksine 

=  H  +  CI,  or  HCl, 
=  1  +  36  =  37. 

8.  1  eq.  hydrochlorate  of  aTnTnonia  =  NH3  +  HCl 

=  17  +  37  =  64. 

9.  1  eq.  bichloride  of  platinum  s=  PI  +  2C1,  or  PlCls, 

=s  98  -f  2  X  86  =s  170. 

10.  1  eq.  lime  ^  1  eq.  caldmn  +  1  cq.  oxygen 

=  Ca4-0,  orCaO, 
=  20  +  8  =  28. 

11.  1  eq.  cazbonate  of  lime  s  CaO  +  COs,  or  CaO  C0^ 

•  =  28  +  22  =  50. 

12*    The  action  in  Exp.  3,  Art.  12,  is  as  followB :  - 

1  eq.  carbonate  of  potassa  -f-  1  eq>  lime 
=  ^  CO2  +  CaO 
=  KO  +  CaO  COj. 

Here  KO,  or  potassa^  remains  in  6olution»  and  CaO  CO*,  or  caifaoData 
of  lime^  is  precipitated. 

13.  The  action  in  Exp.  1,  Art.  14,  is  as  followB :  — 

1  eq.  eulpfatiric  acid  -|-  1  eq.  water  -|-  1  eq.  zinc 
=  SO3  4.  HO  -f  Zn 
=  ZnOS08  +  H. 

Here  ZnO  SO^  or  sulphate  of  oxide  of  zinc,  remains  in  lohitiQn,  and 
the  hydrogen  is  given  off. 

14.  The  action  in  Exp.  1,  Art  13,  is  as  follows :  — 

1  eq.  hydrochloric  add  +  1  eq.  carbonate  of  lime 
=  Ha  +  CaO  COj 
«  Caa  +  HO  4-  CO,. 

Here  CaCl  4-  HO,  or  chloride  of  caldum  with  water,  is  foimed«  and 
CO^  or  carbonic  add,  is  given  off. 

15.  The  action  in  Exp.  1,  Art.  26,  is  as  follows :  — 

1  eq.  sulphate  of  magnesia  +  1  eq.  carbonate  of  potaiia 
=  MgO  SOs  -f  KO  COa 
=  KO  SOa  -f  MgO  CO2 

Here  MgO  COs>  or  carbonate  of  magnesia,  falls,  and  KO  BOf,  or 
fulphftte  of  potaasa,  remains  in  solution. 

41 
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IS.     1  eq.  nitiate  of  cofipcr,  or  mtnte  oT  tlie  oxide  of  tapfK, 
^  1  cq.  oxide  of  rappci  -)-  1  cq.  nitiu:  add 
=  CuO  +  NOi,  or  (JuO  NOf 
17.    Tho  action  in  Exp.  3,  Att.  3S,  is  w  fbScm  t  — 

1  eq.  nitnite  of  tlie  oxide  of  «ilva  +  1  cq.  hydraclikrie  add 
—  AgO  KOi  +  HLl 
=  NOs  +  HO+AsCl. 
Hen  NOj.  or  nitric  acid  witli  sntei,  Tonwns  in  aolutkn,  and  AgC^ 
oi  chloride  of  Bilvci,  {alls. 


IN  V. 


OXTCEM O.^ 

i2.  Freparatlnn. — To  obtdn  oxygen  pun,  tlic  luhrtancc  wlucb  sup- 
pUoit  bplnccdlnA  retort  or  tube,  and  cxpoted  to  hest;  when  gas  is 
evolved,  it  must  be  collected  over  water,  dthci  in  the  pnmiHatic  (rough 
or  in  a  gai  holder.    (Sec  pagc«  4G3  and  461.) 

13.  Oj-i/ffeii  obtained  front  Uaek  oxide  of  manganett. — This  tnlHtancc 
b  utcd  by  itn^  when  large  Quantilica  of  the  gas  are  rcquiral.  The 
oxido  i«  introduced  into  an  inm  bottle,  to  the  movth  of  which  an  aaa 


tube  D,  11  adapted,  and  hited  or  phwtnvd  orer  irith  conunon  [ripe  clar, 
made  into  paite  with  water  The  eictrcmity  of  Ilna  tohe  it  hited  to  ■ 
flexibl*  tube  »,  the  outer  end  of  which  ia  iiuoted  into  the  wMk  of  a 
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gM  hcdder.  The  boCtfe  If  placed  upon  a  good  fiie.  When  the  manga- 
nese attainB  a  red  heat,  it  gives  off  a  portion  of  its  oxygen,  which  rises 
within  the  gai  bolder. 

The  ehanical  changes  which  take  plaoe  in  this  procoBS  an  exhibited 
in  the  fblkwing  ftnnuhe :  — 

2  eq.  hinozide  of  manganese 
3=  2Mn02  »  Mn^4  «  Mn^  +  O. 

Hiere^  after  the  process  is  completed,  Mn^s,  or  sesqiuoxide  of  manga- 
nese, renflains  in  the  retort  The  gas  should  stand  for  a  short  time  over 
water,  in  order  to  absorb  any  carbonic  add  gas  which  it  may  contun. 

44.   (k^en  obtained  from  chlorate  of  potaaaa.  —  Mix  aboat  equal 
pa:it8  of  dilonite  of  potassa  and  black  oxide  ^of  manganese  in  a  mortar ; 
intioduee  the  mixture  into  a  small  copper  or  green  glass  retort ;  apply 
the  flame  of  a  ^irit  lamp, 
and  receive  the  gas  in  the 
gas  holder,  er  the  pneumatic 
trough* 

If  only  a  small  quantity 
of  the  gas  is  wanted,  the 
mixture  may  be  introduced 
into  a  large  test  tube,  hav- 
ing.* cork  perforated  by  a  Fig.  22. 
bent  exit  tabe^  as  in  the  annexed  cut. 

The  decomposition  is  represented  by  the  following  fonnulee :  — 

1  eq.  chlorate  of  potassa 
=3  1  eq.  potassa  -f- 1  eq.  chloric  acid 
=  KO  +  CIO5  =  KCl  +  0«. 

Here  the  hsat  resolves  the  chlorate  of  potassa  into  KQ,  or  chloride  of 
potasriura,  and  Os,  or  6  eqs.  of  oxygen.  The  manganese  in  the  mixture 
merely  aids  in  kaqting  a  steady  heat. 

ExPSlkXXEXTS  WITH  OxTOBN. 

1.  Introduce  a  lighted  taper  into  a  bottle  of  this  gas :  the  flame  is 
increased  in  size  and  brilliancy.  Introduce  a  candle  with  a  smoulder- 
ing sntdf :  it  bursts  into  flame.    (Bee  Tig.  23.) 

2  Put  seme  pounded  charcoal  on  a  cup  attached  to  a  wire  pasring 
through  a  cork;  heat  the  charcoal,  over  a  spirit  lamp,  to  redness; 
plunge  it  into  the  gas :  the  charcoal  glows  'with  great  brightness,  and 
bursts  into  flame.  Here  the  product  of  combustion  is  carbonic  acid  gas. 
(See  Fig.  24.) 

8.  Bumphosphoiuslntfaesame  manner:  it  bums  with  great  splendor. 
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4.   Bncn  •ulphurintbe  nme  manna:  ttbnmawUh  abnalifidllai 

6.   BoU  apiece  of  flue  atcd  wininaiiinlfcnnnmndaglaNbdK: 
ELz  ooe  aOaiatf  of  tlie  win  in  k  cnrk,  and  to  the  othn  «at«autT 


Kjr.  23 


fl^.  24. 


FSf.V. 


attach  a  i^ece  of  cotton  wick  dipped  in  rndtedaulphnr;  ignite  tlie  wick, 
and  plunge  it  Into  a  bottle  of  osygen :  the  wiie  take*  flie,  end  boim 
with  beautiful  ■cintiUations.  The  product  of  combuetian  in  tkia  case  b 
oxide  of  iron.  To  prevent  the  bottle  bom  breaking,  the  bottom  abould 
be  corerc^  with  sand.    (See  Fig.  25.) 

8.  Introduce  some  dark-colored 
TOHHia  blood  into  a  bottle  of  oxy- 
gen :  the  blood,  upon  being  she- 
ken,  soon  ocquiits  the  florid  cidor 
oF  arterial  blood. 

7.  Project  the  oxygen  from  a 
gas  holder  on  the  flame  of  a  qiiiit 
lamp :  great  heat  ii  produced.- 
Hold  a  nnall  jnece  of  chalk  or 
lime  before  the  flMner  the  light 
of  the  lime  ii  brilliantly  white 
and  intense.    Bum  a  ^ece  of  watch  iiring  m  the  flame ;  Ice. 

S.  Take  a  large  piece  of  charcoal,  and  make  a  nnall  bole  in  it ;  bold 
thia  part  of  the  charcoal  orer  a  lamp  until  it  beeenea  icd  hot ;  dnp  ■ 
(mail  cait  iton  nail  into  the  hole ;  licdd  the  heated  chaiCMl  faefafe  a 
stream  of  oxygen  (issuing  from  a  jet  with  ita  orifice  ttmed  duo uwuda ;) 
the  charcoal  bums  rapidly ;  the  nail  beconea  white  hot,  then  fta^  and 
Snelly  bums,  giving  off  a  tnilliant  shower  of  ignited  spaiks  of  the  Tn«*l1 
This  is  one  of  the  meet  beautiful  eRpcrimcnta  in  the  whole  range  of 
chemiatry. 

Various  other  metals  may  be  ignited  in  the  same  manna', 

Ti«  eommmt  mmtth  ilaicpipe.  —  This  connita  of  a  taaa  tube,  hning  ft 
reiT  outU  oci&ce  cii(l«X<inftctA,te'7tiqedcaii^mi&«] 
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of  air  upon  the  flame.  In  the  flame  of  a  common  candle,  &  is  a  hollow 
cone  containing  combustible  gases  in  excess ;  t)^  is  surrounded  by  a 
siheet  of  flame  a,  where  the  combustible  materiaiis  in  contact  with  the 
oxygen  of  the  air.  When  we 
blow  through  this  flame,  by  means 
of  the  blowpipe,  the  circumstances 
are  oompletely  changed ;  6,  in  the 
aeoond  figure,  contains  a  poweiful 
flame^  having  oombustiUe  gases 
in  excess;  this  portion  is  called 
the  dtaxidizinff  or  reducing  JIame, 
te  iUdeprives  substances  of  their 
oxygen;  a»  in  the  second  figure, 
is  a  flame  where  the  oxygen  pre- 
pondenteB ;  this  portion  is  called  the  oxidizing  Jiame,  for  it  communi- 
cates oxygen  to  the  substance  heated  in  it. 

When  a  metal  is  to  be  Ikought  to  the  state  of  an  oxide,  it  is  placed  in 
the  oxidizing  flame  a  ;  and  when  an  oxide  is  to  be  reduced  to  the  metal- 
lic states  it  i9  placed  in  the  deoxidizing  or  reducing  flame  6.  The  most 
powerful  heat  \b  produced  at  the  apex  of  the  cone  c. 

In  using  the  mouth  blowpipe,  the  student  must  endeavor  to  acquire 
the  power  of  keeping  up  a  constant  and  steady  blast,  by  forming  his 
mouth  into  a  bag  of  air,  while  at  the  same  time  he  breathes  through  his 
nostrils.  The  manner  of  doing  this  is  difficult  to  explain :  by  repeated 
trials*  however,  he  will  see  that  it  is  possible  to  do  so. 

Experiment.  —  Place  one  or  two  grains  of  oxide  of  lead  (litharge)  on  a 
piece  of  charcoal,  and  hold  the  substance  in  the  reducing  flame  b ;  the 
metallic  lead  is  produced  in  the  form  of  a  brilliant  globule;  bring  the 
globule  to  the  oxidizing  flame  a ;  the  metal  is  oxidized,  and  presents  a  dull 
appearance.    Tarious  other  metals  may  be  treated  in  the  some  manner. 

The  peculiar  action  of  the  flame  of  the  blowpipe  constitutes  a  most  in- 
teresting and  useful  (department  of  experimental  chemistry. 


HTDB06EN. 

45.  Preparation, — This  gas  is  most  conveniently  prepared  from  zinc 
and  diluted  sulphuric  acid.  Put  some  zinc  cuttings, 
solphnric  add,  and  about  flve  times  the  qiiantity  of 
water,  into  a  retort  r,  (see  Fig.  14,  page  463,)  or 
into  a  bottle  &,  with  the  bent  tube  t ;  great  heat  is  pro- 
duced by  the  mixture  of  the  acid  and  water,  and  the 
gas  is  cofnously  evolved,  which  may  be  received  over 
water  in  the  pneumatic  trough  or  in  the  gas  holder. 
(See  Bxadae  ISt  Art.  41.) 

41  ♦ 
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EXFBBniBNTB  WITH  HtDBOOBIT. 

1.  IxiTert  a  jar  if  hydrogen  over  a  candle;  the 
flame  of  the  candle  is  extinguished,  hut  the  gas 
bums  at  the  mouth  of  the  Tcssel.  In  thu  way  the 
gas  takes  some  time  before  it  is  burned  away. 

2.  Ignite  a  jar  or  bottle  of  hydrogen,  having  the 
mouth  of  the  vessel  uppermost ;  in  this  case  the  gas 
bums  much  more  quickly  away,  in  consequence  of 
its  great  lightness  as  compared  with  the  air. 

3.  Introduce  the  gas  into  a  jar  a,  having  a  gas 
burner  ff,  and  stop  oock  c ;  open  the  cock,  and  at  the 
same  time  depress  the  jar  in  the  water;  ignite  the 
gas  as  it  issues  from  the  small  orifice  g;  the  gai 
bums  with  a  pale  yellow  flame,  which  gives  off  a 
great  deal  of  heat. 

Hold  a  dry  glass  tumbler  over  the  flame : 
water  is  dqxisitcd. 
Repeat  Exp.  2,  Art.  14. 

4.  Mix  in  a  strong  buttle  1  measure  of  hy- 
drogen with  2i  or  3  measures  of  common  air ; 
ai^Iy  tlic  flame  of  a  candle  to  the  mouth  of  the 
bottle :  the  mixture  detonates  with  a  conaid- 
crable  report. 

5.  Fill  a  bladder  ^ith  this  gas  from  a  capped 
rpccivcr  at  the  pneumatic  trough,  as  exhibited 
in  the  annexed  cut,  or  from  the  gas  holder ; 
adjust  a  common  tobacco  pipe  to  the  stop  cock« 
and  blow  soap  bubbles  by  giving  a  gentle  pres- 
sure to  the  bladder :  these  soap  bubble^  being 
filled  with  hydrogen,  are  lighter  than  the  air, 
and  they  ascend  in  the  atmosphere  like  little 
balloons.  Bring  the  flame  of  a  candle  in  con- 
tact ^-ith  one  of  these  hydrogen  bubbles :  it 
explodes. 

6.  Fill  a  small  balloon  ^ith  hydrogen,  or 
common  street  gas,  and  load  it  with  a  light 
paper  car,  so  as  to  keep  it  Fwspcndcd  in  the  air. 

7.  Throw  a  stream  of  hydrogen  on  spongy 
platinum.     (See  Exp.  3,  Art.  37.)    To  in- 
sure the  success  of  the  experiment,  the  plat- 
innm  should  be  previously  heated  to  redness 
bcfm  the  spirit  lamp. 

8.  Mfacmrer  the  pneumatic  trough  B  pGi^ 
tion  of  oxygen  with  twice  ita  volume  of  hj* 


Fig.  29. 


Fig.  30. 
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drogm:  fill  a  oommon  sodk  water  bottlo  full  with  the  nuied  gases;  ^ 
ply  the  fiame  of  « taper :  the  gases  detonate  with  a  loud  r^ort. 


Compoiition  of  Water. 

4nH  has  alieadjbeoi  ezfJained  that  water  ia  composed  of  B  puti 
by  weight  of  cajrgen  and  1  part  of  hydrt^en.  Now,  oxygen  ia  exactly 
IS  timea  beavier  than  hydrogen;  hmce  it  follows  that  there  must  bo 
double  the  quantity  by  Tolume  of  hydrogen  to  fbim  water.  The  com- 
pontion  of  water  may  be  detenmned  in  two  ways ;  first,  by  lytttlu- 
tit,  or  by  bringing  the  elements  togetbEc;  second,  by  sno/yiii,  or  by 
•eponting  the  elemoits  fiom  each  other. 

SfntAtiii.  —  Intioduce  the  mixed 
gases,  2  volumes  or  meseures  of  hy- 
drogen and  1  volume  or  measure  of 
oxygen,  into  a  strong  graduated  tube 
(Yalta's  EtidimonteUr)  having  two 
wins  nearly  meeting  each  other 
within  the  tube  at  the  top ;  pass  on 
electric  spark  through  the  mixed 
gaaea  by  means  of  a  charged  Lcydcn 
jar,  Bi  shown  in  the  annexed  cut : 
the  gases  comlune  with  ignition,  wa- 
ter ia  formed,  and  d  complete  vacuum 
is  produced,  which  is  filled  up  by  the  ascent  of  the  w 

Anaiyit.  —  Two  equal  tubes,  O  and  II,  filled 
with  water,  are  inverted  over  the  two  poles  of 
a  gnlvamc  battery ;  when  the  battery  is  put  in 
action  the  water  Is  resolved  into  the 
the  oxygen  rises  in  the  tube  O  placed  over  the 
positive  pole,  and  the  hydrogen  into  the  tube 
H  placed  over  the  negative  pole.  Ah  the  analy- 
'  sis  proceeds,  it  will  be  scco  that  the  volume  of 
the  hydrogen  is  always  double  that  of  the 
oxygen. 

47.  Water  is  also  decomposed  by  paving  a    . 
coirent  of  steam  through  an  iron  tube  partial- 
ly aiJed  with  iron  filings,  and  kept  at  a  ted  Fig.  34. 
beat  by  a  furnace^    In  this  cut,  r  represents 

the  retort  in  which  the  water  is  being  b^led;  (<  the  red  hot  tube  passing 
.  duough  the  furnace  F :  the  bent  ppe  b  conveys  the  hydrogen  gas  into  a 
jar  «  stAndiilg  on  the  shelf  of  a  pneumatic  trough  T,  In  this  intetating 
experinunt  the  steatn  pai^  oyer  the  heated  uou  it  decompoKd ;  tba 
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Jgntiion  of  ike  Mixed  Gatet.      Oxjf^iydrogen  E8owpij». 

48.  The  timplGst  maimer  of  Acnring  the  inteoie  heat  geuented  bj 
the  i^tioo  of  mixed  gsses  ia  as  follows ; 
The  hydrogen  is  formed  in  the  bottle  b,  the 
cmk  of  which  is  pcrfonitod  by  two  tubes ;  a 
ii  a  funnel-shaped  tube,  for  the  purpose  of 
mj^ying  sulphuric  acid  as  it  ia  required ;  t 
I*  a  bent  tube  conveying  the  hydrogen  for 
ignition  ;  •  r  is  the  lube  with  a  stop  cock 
and  jet,  convtying  a  stream  of  oxygen  from 
a  gas  holder  on  the  hydrogen  flmne.  The 
Torious  experiments  dcsrhbcd  in  Art.  14 
may  be  tried  with  this  flame. 

49.  Daniel's  blotepipt.  —  Li  this  appaia- 
tna  a  Mmmon  tube  b  receives  the  two  gase«  contained  in  the  bladden 


Fig.  38, 


Fij.  37. 
and  O,  prarided  with  atop  cocks.     The  hydrogen  is  flnt  iginted,  and 
thai  the  }«nnire  upon  the  bladder  containing  the  oxygen  is  ngulated 
ao  ai  to  ptoducethe  maximum  heating  effect  an  tlic  fLuno. 
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60»  The  fi)Qowing  economical  apparatus,  answering  the  doable  pnr- 
poae  of  a  gas  holder  and  an  oxy-hydiogen  blowpipe,  has  been  succeBS- 
fiilly  used  by  the  author  of  this  work.  In  the 
annexed  cut,  r  represents  the  gas  recdver;  t 
a  shelf  wMcb  screws  on  at  6;  e  and  c  stop 
cocks,  as  in  the  ordinary  gas  holder,  (seep.  464 ;) 
h  g  a  jet  filled  with  wire  g^uze  at  the  thick  part 
h;  p  an  aperture  for  receiving  the  beak  of  a  re- 
tort ;  nk^  bent  pipe  passing  into  the  interior 
of  the  receiver  r;  k  i  a  flexible  tube,  which 
screws  on.  at  kj  and  forms  a  connection  with  a 
bladder  containing  the  mixed  gases ;  /  a  funnel 
with  a  tube  and  ttop  cock  for  screwing  on  at 
k.  The  tubular  portion  dbia  about  {  inch  in- 
ternal diameter  and  2  inches  in  length.  When 
the  apparatus  is  to  be  used  as  an  oxy-hydrogen 
blowpipe,  water  is  introduced  into  the  receiver,  so  as  to  stand  at  the  level 
d;  the  orifice  at  6  is  closed  by  means  of  a  cork,  and  the  bladder  con- 
taining the  mi3fc4  gases  is  screwed  on  at  k;  the  safety  jet  A  ^  is  screwed 
on  the  stop  cock  e ;  \ipon  pressure  being  applied  to  ttie  bladder,  the 
mixed  gases  rise  through  the  v-itter,  and  filling  the  space  d  b,  pass 
out  in  a  strong  stream  through  the  jet  g,  and  are  there  ignited.  This 
arrangement  is  perfectly 'safe,  for  in  th^  event  of  the  flame  passing 
along  the  safety  tube  A,  we  can  only  have  an  explosion  of  the  gases  con- 
tained in  the  small  chamber  d  b,  the  only  effect  of  which  would  be  to 
blow  out  the  cork  in  the  orifice  b,  as  the  larg^  body  of  water  in  r  most 
effectually  cuts  off  all  communication  with  the  gases  in  the  bladder. 
"When  the  apparatus  is  to  be  used  as  a  gas  holder,  the  shelf  «  is  screwed 
On  at  6,  the  funnel/  at  k,  and  gases  are  received  and  transmitted  in  the 
same  manner  as  in  the  ordinary  gas  holder. 


Fig.ZS. 


AndlyM  of  Atmospheric  Air  by  the  Detonation  of  Hydrogen 

in  Volta*8  Audiometer. 

51.  Mix  over  the  pneumatic  trough  2  volumes  of  atmospheric  air  and 
1  volume  of  hydrogen ;  introduce  a  small  portion  of  this  mixture  into 
the  eudiometer  tube  (Art.  46)  so  as  to  occupy  15  divisions  of  the  tube; 
detonate  by  the  electric  spark  :  after  detonation  the  gas  only  occupies  9 
divinons  of  the  tube ;  that  is,  6  parts  have  disappeared,  in  consequence 
of  all  the  oxygen  having  combined  with  a  portion  of  the  hydrogen  to 
form  water.  Now,  the  gaseous  mixture  in  the  tube  contained  10  parts 
of  air  and  5  of  hydrogen ;  and  since  water  is  composed  of  1  volume  of 
oxygen  and  2  Tolumes  of  hydiogeni  one  third  of  the  diminution  must 
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gire  the  quantity  of  oicygen  in  the  10  fbliimei  of  nr  ori^aaDyin  the 
tube ;  that  is,  2  voluineB  of  oxygen  have  disappeared ;  but  2  is  one  fifth 
of  10 ;  therefore  one  fifth  of  atmospheric  air  is  oxygen,  and  the  rcmainiiig 
four  fifths  are  nitrogen :  hence  in  100  Tolumfli  of  air,  20  are  osygen  and 
80  are  nitrogen. 

NITROGEN  AND   ITS   COMPOUNDS   WITH  OXTOEN. 

^2.  For  the  preparation  and  properties  of  nitrogai,  see  Art.  15»  nd 
Exps.  4  and  5. 

Protoxide  of  Nitrogen  —  NO. 

This  gaseous  compound  is  familiarly  known  by  the  name  of  the  knigk* 
ing  ga»t  from  the  ludicrous  effect  which  it  has  upon  persons  who  respire 
it.  This  gas  is  not  inflammable,  but  it  supports  combustion  with  greater 
brilliancy  than  common  air. 

Preparation,  —  Introduce  some  crystals  of  nitrate  of  ammonia  *  into 
a  large  retort ;  apply  the  heat  of  an  Aigand  lamp  baring  a  copper  flue, 
to  give  steadiness  to  the  flame :  at  a  temperature  of  400^  the  sab  fuses, 
and  then  gives  off  the  gas  in  great  abundancef  which  may  be  xeceiTed  in 
the  gas  holder  filled  with  warm  water,  as  cold  water  largely  absocbs  the 
gas.  It  should  stand  for  two  or  three  hours  over  a  little  water,  to  ab- 
sorb any  furiics  of  nitrous  acid  that  may  be  formed  in  the  procesa.  The 
whole  of  the  salt  is  resohrod  by  heat  into  this  gas  and  water,  as  ehown 
by  the  following  83rmbQls :  — 

1  cq.  nitrate  of  ammonia 
=  1  cq.  ammonia  -|-  1  cq.  nitric  acid 
=  NII3  +  NO5 
==  Hs  -f  O3  +  Nj+  Oa=i  3HO  +  2NO. 

Hence  it  appears  that  1  eq.  of  nitrate  of  ammonia  yields  3  eq.  of  wa- 
ter and  2  eq.  of  the  protoxide  of  nitrogen. 

ExPERDCE2fTB. 

1.  Plunge  a  burning  candle  into  a  bottle  of  this  gas:  the  flame  is 
much  increased  in  brilliancy  in  consequence  of  the  large  quantity  of 
oxygen  which  the  gas  contains. 

*  To  prepare  this  salt,  add  carbonate  of  ammonia  in  powder  to  nitric  arid 
diluted  with  about  three  parts  of  water  until  effervescence  ceases ;  evaporate 
the  solution  until  a  drop  of  the  liquid  let  fall  upon  a  cold  plate  beoomea  a 
aoHd  mass.  A  little  ammonia  should  be  added  towarda  the  dose  of  the  pn>- 
te  reader  the  aolt  perfiectly  alkaline. 
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%  Ihtiodnee  a  large  splinter  of  wood  Imying  a  flowing  ]«d  spaiiL  i^ 
this  gas :  the  flame  is  rekindled,  as  in  the  case  of  oxygen  gas. 

3.  Transfer  this  gas  from  the  gas  holder  into  a  damp  bladder  having 
%  wide  wooden  mouth  piece ;  place  the  mouth- 
piece between  the  teeth  of  the  person  who  is 
to  inhale  the  gas;  let  him  close  his  nostrils 
with  his  fore  finger  and  thumbs  and  then  let 
him  breathe  the  gas  in  the  bladder:  various 
cffiectBy  more  or  less  ludieroua,  are  produced 
upon  persons  inhaling  the  gas.    All  kinds  of 

iq^paratus  should  be  removed,  for  they  are  liable  to  be  ii\jured  by  the 
inhaler ;  or  better,  let  the  inhaler  be  out  doors. 


Fig.  39. 


Binoxide  of  Nitrogen  —  NOj. 

This  compound  is  a  cQlorless  gas,  similar  in  appearancQ  to  common 
it  is  qpaiingly  absorbed  by  water. 

PreparmitUuu  —  Put  aoaA  copper  cuttings  into  a  retort,  pour  nitric 
acid  upon  them,  and  then  add  about  an  equal  quantity  of  water :  *  brisk 
c£ferve8cence  takes  place  without  the  aid  of  heat»  and  the  gas  may  be 
collected  over  water  in  the  pneumatic  trough.  ^ 

The  decomposition  is  represented  by  the  following  formulse :  ^ 

4  eq.  nitric  acid  -|-  3  oq.  copper 
«  4N05     +  3Cu 
=  NO2O3  -f  3NOa  +  3Cu 
==  NO,       +  3(CuO  +  NO5) 
=  binoidde  of  nitrogen  +  3  nitrate  of  the  oxid^  of  copper. 

Experiments. 

1.  Transftr  a  bottle  of  this  gas  over  the  pneumatic  trough  into  a 
similar  bottle  nearly  filled  with  common  air ;  red  fumes  of  nitrous  acid 
(NO4)  are  instancy  formed*  which  are  soon  absorbed  by  the  water, 
lliis  constitutes  a  characteristic  property  of  the  binoxide  of  nitrogen, 
and  it  is  used  in  this  way  to  detect  the  presence  of  free  oxygen. 

2.  Plunge  a  piece  of  burning  phosphorus  into  a  bottle  of  this  gas : 
the  phosphorus  continues  to  bum. 

3.  Bum  a  mixture  gf  this  gas  and  hydrogen,  (see  cut  to  Exp.  3,  Art. 
45  :)  the  mixed  gases  bum  with  a  green-colored  flame. 

4.  Transfer  a  bottle  of  binoxide  of  nitrogen  to  a  cup  containing  a  sor 
hitioii  of  sulphate  of  iron :  the  solution  becomes  black. 


•  The  diluted  add  should  hare  a  specific  gravis  of  12. 
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Nitric  ^cirf— NO*. 

For  the  leading  properties  of  this  acid,  see  Art.  17. 

Pnparation.  —  Mix  equal  weights  of  nitrate  of  potaasa  (nitre)  and  qQ 
of  vitriol  of  commerce  in  a  retort ;  heat  the  retort  over  a  chauffer  a, 
containing  heated  charcoal,  (a  sand  bath  or  an  Argand  lamp  would  an- 
swer the  puxpose  equally  as  well :)  nitric  acid  distils  over,  and  is  oon- 


^  Fiff.  40. 

densed  in  the  liquid  form  in  the  receiver  c,  kept  cool  by  a  stream  of 
water  proceeding  from  a  jar  d.  The  stream  of  water  may  be  conveniently 
supplied  from  a  funnel  having  its  tube  partially  closed  by  a  piece  of  rag. 

The  decomposition  is  as  follows :  — 

!    2  eq.  sulphuric  acid  -f*  water  -f*  1  c^Q*  nitrate  of  potassa 

=  SO,  4-  2H0  4-  KO  NO, 
=  KO  2S0,  4-  HO  -f  NO5  +  HO 
s=  bimilphate  of  potassa  and  water  -{- 
nitric  add  and  water. 

Distillations  of  any  kind  are  conveniently  effSscted  by  mesna  of  lie- 
big's  condensing  tube. 


Fig.  41. 

Xlie  liquid  to  be  di^t33\fid  \a  "^bjc^  \Tv  ^^T«\ni^  T  ^\n 
lictt  if  applied  toboU  the^miX*.  >:!tA^«9tt>«»Vt. 


EXPERIMENTAL   CHEHISTBT.  493 

it  condensed  by  the  cold  kept  up  in  the  condenauig  tube  S  ^  F,  and  the 
liquid  drops  into  the  receiver  R.  The  construction  of  this  condensing 
tube  is  exceedingly  ingenious :  <  is  a  wide  tin  tube ;  F  a  funnel  passing 
into  it  for  the  purpose  of  supplying  cold  water ;  S  a  siphon  for  carrying 
off  the  hot  water ;  a  glass  tube  passing  through  this  tin  tube  is  connected 
with  the  beak  of  the  retort  and  the  receiver  K ;  this  glass  tube  iMOses 
through  perforated  corks  inserted  at  each  end  of  the  tin  tube  t.  Now, 
this  glass  tube  is  continually  surrounded  by  cold  water ;  for  while  cold 
water  is  bong  supplied  by  the  ftinnel  F,  the  water,  as  it  becomes  heated, 
rises  within  the  tin  tube,  and  is  carried  off  by  the  siphons. 

Experiment*  —  Heat  gently  some  oil  of  turpentine  in  a  porcelain  basin ; 
pour  suddenly  upon  it  a  mixture  of  one  part  of  sulphuric  acid  and  two 
parti  of  nitric  acid :  combustion  takes  place,  with  the  evolution  of  a 
dense  smoke.  In  order  to  avoid  accident,  the  mixed  acid  should  be 
poured  from  a  bottle  tied  to  the  end  of  a  stick. 

CAJtBON,  SULPHXTR^  AND   PHOSPHORUS,  THEIR    COMPOUNDS 

WITH  OXTGEN  AND  HYDROGEN. 

Carbonic  Oxide  —  CO. 

63.  This  is  a  colorless  gas ;  it  is  the  gas  that  bums  with  a  blue  flame 
at  the  top  of  a  coke  or  charcoal  fire. 

Preparation.  —  Mix  pounded  oxalic  acid  with  sulphuric  add  in  a 
retort,  and  apply  heat :  carbonic  oxide  and  carbonic  acid  gases  are  given 
off,  which  may  be  received  over  the  pneumatic  trough.  By  allowing 
the  gases  to  stand  over  water  for  a  few  hours,  or  by  agitating  them  with 
lime  water,  the  carbonic  acid  gas  is  absorbed,  and  the  carbonic  oxide  is 
left  pture.  Oxalic  acid  may  be  regarded  as  a  compound  of  carbonic 
oxide  and  carbonic  add  with  water ;  thus :  — 

1  eq.  oxalic  add  =  QO,  -f-'^ater  ==  CO  +  CQ,  +  water.  Now, 
the  sulphuric  add  combines  with  the  water,  and  sets  the  two  gases  free. 

Experiment.  —  Plunge  a  lighted  taper  into  a  bottle  of  this  gas :  the 
taper  is  extinguished,  but  the  gas  bums  at  the  mouth  at  the  bottle  with 
a  beautiful^ blue  flame:  thus  carbonic  oxide  ia  inflammable^  hut  it  does 
not  euppori  comhustion* 

Carbonic  Acid — COf 

54.  Preparation.  —  Carbonic  add  gas,  being  moT^|g^nn  1}  times  heav- 
ier than  common  air,  may  be  prepared  suffldently  pure  by  the  following 
process.  The  gas  is  generated  in  the  bottle  h  (see  £xp.  1,  Art.  13  ;)  a 
bent  tube  h  edpaaacB  through  a  cock  6^  and  diawgadato  t^babs^^sia^sft 
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the  open  bottle  4 ;  as  jhe  gas  enten  tha  bottle 
d,  the  common  air  is  diq[)laocd.*  A  little  expe- 
rience ^ill  readily  enable  the  experimenter  to 
ascertain  when  the  bottle  is  filled  with  the  gas. 

When  this  gas  is  received  over  the  pneumario 
trough,  the  water  should  be  wann ;  for  carbonift 
add  gas  is  largely  abaorbed  by  cold  water. 


Fig.  43, 


Fig.  42. 


1.  Invert  a  jar  or  bottle  of  the  gas  over  a  burning  candle :  the  gas  by 
its  gravity  falls  upon  the  candle,  and  extinguishes  the 
flame. 

2.  Place  a  burning  candle  In  an  open  jar ;  take  a 
bottle  of  carbonic  add  gas,  and  pour  it  into  the  jar : 
the  flame  is  extinguished.  This  shows  that  carbonic 
add  gas  is  much  heavier  than  common  air. 

3.  Pour  some  lime  water  into  a  bottle  containing 
this  gas :  carbonate  of  lime  is  formed :  shake  the 
liquid,  and  it  becomes  clear,  in  consequence  of  the 
carbonate  of  lime  being  soluble  in  an  excess  of  car- 
bonic acid.  In  this  way  lime  is  dissolved  in  spring 
water. 

4.  Add  a  little  water  to  a  bottle  of  the  gas ;  shake  the  bottle ;  the 
water  takes  up  the  gas,  and  acquires  deddedadd  prqpertieB ;  add  a  little 
solution  of  litmus :  the  blue  is  changed  to  red. 

Carhuretted  Hydrogen  —  CH^ 

55.  This  gas  is  formed  in  marshes  and  stagnant  pools ;  it  is  but  litUe 
more  than  half  the  weight  of  common  air ;  it  is  highly  inflammable,  and 
forms  the^«  damp  of  the  miners.  When  coal  is  heated  to  redness*  it  is 
resolved  into  taxxy  matter,  and  certain  gaseous  compounds  of  carbcn  and 
hydrogen,  containing  about  seventy  per  cent,  of  caxburetted  hydrofpen. 

Experiments. 

1.  Livert  a  bottle  filled  with  water  in  a  stagnant  pool;  insert  a  fun- 
nel into  the  bottle  to  catch  the  gas ;  stir  up  the  bottom  of  the  pool  with 
a  stick:  bubbles  of  caxburetted  hydrogen  gas  rise,  which  are  easily 
rccdved  through  the  funnel.  Ignite  the  gas  thus  obtained :  it  bums 
with  a  yellow  flaiflir 


*  Gases  which  arc  lighter  than  the  air,  such  as  ammoniaeal  gas,  my  bt 
retarad  in  botUea  with  their  moatha  inverted. 
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2.  Wx.  I  measure  of  this  gas  with  7  or  8  of  common  air,  in  a  bottle; 
apply  the  flame  of  a  candle :  the  gas  explodes  with  some  violence.  Mix 
1  measure  of  the  gas  with  3  or  4  measures  of  air,  and  ignite  the  gases : 
they  bum  without  explosion. 

3.  Put  some  pounded  coal  into  a  test  tube,  fitted  with  a  cork  and  the 
atom  of  a  tobacco  pipe ;  H^ply  the  flame  of  a  spirit  lamp :  gas  is  disen- 
gaged, which  may  be  inflamed  at  it  iatiies  from  the  small  orifice  of  the 
nine. 

4.  The  flame  of  a  candle  i^^noduced  by  the  igmtioa  of  carburetted 
hydiogea  gasea.    Bring  one  fttremity  of  a  tid)e, 

about  I  of  an  inch  in  diameter,  into  the  centre  of 
the  flame  of  a  candle :  the  gases  rise  up  the  tube, 
and  may  be  ignited  as  they  escape  at  the  upper  end. 
This  experiment  also  shows  that  flame  is  hollow. 

^6.  Tke  Davy  lamp,  —  Carburetted  hydrogen 
occurs  in  ooal  pits,  from  the  decomposition  of  the 
coal,  where  it  sometimes  explodes  by  coming  in 
contact  with  flame ;  and  thus  melancholy  accidents 
take  place.  The  Davy  lamp  is  designed  to  prevent 
these  exploaiona.  ^^»  **• 

Ejgif&rimeni.  — ;Take  a  piece  of  fine  wire  gauze:  hold  it  across  the 
flame  of  'a  lamp ;  the  flame  does  not  pass  through  the  gauze.  Blow  oat 
the  flame,  and  ignite  the  uxkoke  u  it  xiaea  through  the  gauze :  the  flame 
does  not  descend  bebw  the  goose. 


Fig,  46.  Fisi.46. 

This  experiment  exhibits  the  principle  upon  which  the  Davy  lamp  is* 
constructed :  the  metal,  being  a  good  conductor  of  heat,  cools  down  the 
temperature  of  the  inflammable  matter  in  contact  with  it,  and  thereby 
extingniahee  the  flame  on  the  aide  opposite  to  the  burning  body. .  The 
Davy  lamp  simply  consists  of  a  lamp  surround^  1^  wire  gauze  to  pre- 
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T«nt  fl«m«  ectoiding  from  Ihe  inUrior  cf  Ot  iMiV  iB  tta  a^HiM  * 


Ob/Eonf  Ou,  or  H«ay  OaiimnUtd  ^fdnfm—OtM^'.: 


B7.  Ttui  giM,  owing  to 
ecnititiiant  cf  Mnet  gal.  ItconlaiBS  ■  lofv  qo^ikj^C-i 
the  light  cubDi«tted  hydiogsi.  CoalpNgwb^wdlpnfva 
■bout  12  pa  cent  of  oldut  gih 

JVqHnMan.  — Mix  ou  pait  of  alcooPwidi  8  at  9  pvto  d 
■cid  in  •  ntort  t  qiply  the  hot  of  m  Ai^nd  bft^i  ft*  pa  < 
in  gnat  abondancai  nhieh  iokj  be  leueiNd  i 


1.  nunge  ■  lighted  emdle into  •MtlatftbJiiM:  AiflHH«f  fb 
candle  ii  extinguiihed ;  but  the  gM  bi>n%  tf  dw  nonth  tf  thtMd^ 
«^  a  fine,  brilliMit  fiune.  * 

2.  Bum  thU  gn»  In  ■  c^jped  noeinr.    (8n  ast  to  Ex^  S,  A>k  4L) 

3.  MU  3  volume*  of  oxygen  frltli  1  Tolaina  of  oMkot-gH  Ik'b 
■tnng  coaunon  soda  nur  bottlei  igniU  tha  mixad  bmm:  a  vlelM 
axplonoa  take*  place,  caifaonic  add  and  mte  Iwtng  fanad:  ttnim 

dlefiant  gM  and  orgen 
=  CA  +  O.  —  200^  +  2HO. 


EXPEBIineXTAL  OHSMISTKT. 


497 


Sidphurtc  Acid — S0|. 

59.  This  valuable  add  is  made  by  the  manu&cturer  on  a  large  acale^ 
by  boming  sulphur  in  a  fixniace,  where  nitric  acid  is,  at  the  same  time» 
fonned  by  the  decomposition  of  nitrate  of  soda  by  means  of  sulphuric 
add :  the  sulphurous  and  nitric  acids  pass  into  a  sucoesrion  of  leaden 
chambers  containing  a  portion  of  water,  to  disBolTe  the  sulphuric  add,  as 
it  is  bdng  formed  by  the  nitric  add  giving  up  a  portion  of  its  oxygen. 
In  the  annexed  cut,  a  represents  the  furnace  in  which  the  sulphurous 


Fig,  47. 


and  nitric  adds  are  formed ;  b  b  the  leaden  chambers  containing  some 
water.  The  sulphur  is  spread  over  the  bottom  of  the  furnace,  and  the 
nitre  is  placed  in  the  cup,  shown  in  the  cut.  The  second  chamber  com- 
municates with  a  high  chimney,  for  creating  a  draught,  and  also  for 
carrying  off  the  surplus  vapors. 


Sulphuretted  Hydrogeny  or  Hydrosulphuric  Acid —  HS. 

60.  Preparation.  —  Heat  sulphuret  of  antimony  in  a  retort,  "iiith  4  or 
5  times  its  wdght  of  hydrochloric  acid,  and  collect  the  gas  over  warm 
water  in  the  pneumatic  trough,  (or  by  displacement,  as  in  Art.  54.)  As 
the  bottles  are  filled  with  the  gas,  they  should  be  speedily  removed  and 
closed. 

The  action  is  represented  in  the  following  symbols :  — 

1  eq.  sesquisulphuret  of  antimony  -f*  3  eq.  hydrochloric  acid 
=  ShA  +  3HC1      . 
=  3HS    -f  Sb^l, 

s=r  3  eq.  sulphuretted  hydrogen  +  1  eq.  aesquichloride  of 
antimony. 

Experiments. 

1.  Invert  a  jar  of  this  gas ;  apply  a  lighted  match :  the  gas  bums 
with  a  pale  blua  flame  with  the  deposition  of  sulphur. 

2.  Pour  a  few  drops  of  strong  iiitrio  add  into  a  bottle  of  this  gas» 

42* 
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and  immediately  close  the  mouth  with  the  thumb,  protected  by  a  pkee 
of  paper :  an  explosion  takes  place  with  the  depodtion  of  sulphur. 

3.  Generate  the  gas  in  a  flask  fitted  with  a  cerk  and  bent  tube 
ing  into  a  solution  of  arscnious  acid,  (arsenic  of  oom- 
meorce :)  an  onuige-ooloired  procii^tate  is  formed  of  a 
■ulphuiet  of  arsenic    Sulphuretted  hydrogen  is  much 
used  in  this  way  as  a  test  for  metals. 

4.  'nnnsmit,  as  in  the  last  experiment,  a  current  of 
the  gas  through  liquid  ammonia :  a  solution  of  hydro* 
sulphurct  of  ammonia  is  formed.  This  solution  is 
much  used  as  a  re-agent. 


Fiff.  48. 


Phosphuretted  Hydrogen  —  PH, 


Cl.  Experiment  1.  —  Put  tome  thin  slices  of  phoephcruB  into  a  snull 
retort,  and  fill  it  completely  with  a  mixture  of  lime  and  warm  water; 
insert  the  beak  of  the  retort  in  a  Tessel  containing  warm  water ;  boil  the 


Fig.  49. 

mixture :  bubbles  of  phosphuretted  hydrogen  gas  are  given  off,  which, 
escaping  into  the  air,  ignite  spontaneously,  and  form  beautiful  rings  of 
smoke. 

2.  Inrert  a  test  tube  filled  with  water  orer  the  beak  of  the  retort  in 
which  the  gas  is  being  formed :  the  tube  is  soon  filled  with  the  gas. 
Obsenre  that  the  gas  is  colorless  and  tranRporcnt  like  common  air ;  cover 
the  mouth  of  the  tube  with  the  fore  finger,  and  transfer  the  gis  into  a  jar 
of  oxygen  standing  on  the  shelf  of  tlic  pneumatic  trough ;  the  babUes^ 
as  they  rise  into  the  jar,  catch  fire,  giving  a  splendid  flash  of  light. 
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CHLORINE  —  CI. 


62.  Preparation. — Introduce  into  a  retort  hydrochloric  add  and  black 
oxide  of  manganese,  so  as  to  form  a  thin  paste ;  heat  the  miittiu«  with 
an  Argand  lamp :  chlorine  gas  is  speedily  given  oS,  which  may  be  rec- 
ognized by  its  peculiar  color  and  suffocating  odor ;  receive  the  gas  over 
warm  water  in  a  small  pneumatic  trough,  (or  by  displacement;  see  Art. 
64.)    The  action  is  represented  by  the  following  symbols :  — 

2  eq.  hyjiochloric  add  -{-  1  eq.  oxide  of  manganese 
•   =2HC1  +  Mn0| 

=       a  -f  Mna  +  2H0 

=s  1  eq.  chlorine  +  chloride  of  manganese  and  2  eq.  water. 


Experiments. 

!•  Repeat  Exp.  1.  Art.  22. 

2.  Let  fall  powdered  antimony  into  a  bottle  of  this  gas ;  the  metal 
Ignites  spontaneously,  and  forms  a  beautiAil  shower  of  flame.  Various 
^er  metals  ignite  spontaneously  in  this  gas,  and  form  ehloridet, 

3.  Put  a  piece  of  pink  calico  moistened  with  water  into  a  bottle  of 
chlorine :  the  color  ia  speedily  discharged. 

* 
Jfydrochhrie  Add — HCL 

63.  To  obtain  this  add  in  tHe  gaseous  state,  introduce  into  a  retort 
common  salt  and  as  much  sulphuric  acid  as  will  form  a  thin 

paste ;  apply  the  ^aaoie  of  an  Argand  lamp,  and  reodve  the  gas 
by  displacement,  as  it  it  highly  soluble  in  water.    (See  Art.  54.) 

Experiment.  —  Place  a  bottle  of  this  gas  over  a  bottle  of  am- 
moniacal  gas :  the  gases  combine  and  form  dense  white  fumes 
of  hydrochlorate  of  ammonia. 

^Liquid  hydrochloric  acid  may  be  prepared  in  considerable 
quantities  by  transmitting  a  current  of  the  gas  through  water ; 
it  may  also  be  made  on  a  small  scale,  after  the  manner  of  pre- 
paring nitric  add,  (see  page  492,)  taking  care  in  this  case  to  put  j^TffO. 
water  into  the  recdver  6. 

Cyanogen  —  Cy,  or  CjN. 

64.  Experiment,  —  Introduce  a  few  grain|  of  cyanide  of  mercury 
(HgCy)  into  a  test  tube  fitted  with  a^  cork  and  bent  tube ;  ai^ly  the 


500         NATURAL  AMD  EXPERIMEMTAL  PHILOSOPHT. 


Fig.  51. 

flrnie  of  a  ipirit  lamp :  cyanogen  gas  is  giren  off;  ignite  the  gaa  as  it 
issues  firom  the  smaU  tube :  it  burns  with  a  beautiful  violet  flame. 


Section  VL 

composition  of  vegetable  substances.  compouiid  or- 
ganic substances  in  plants.  fermentation.  dias- 
tase, germination  of  plants.  structure  and 
functions  of  plants.    food  of  plants. 

composition  of  vegetable  substances. 

a 

65.  When  a  piece  of  straw,  or  any  dried  vegetable  sab- 
stance,  is  held  in  the  flame  of  a  cundle,  the  greater  portion  is 
consumed  in  the  form  of  gases,  and  only  a  very  small  portion, 
called  the  ash,  is  left  behind.  That  portion  which  bums  away 
is  called  the  organic  part  of  the  plant,  and  that  which  remains, 
the  ash,  is  called  the  inorganic  part.  The  organic  part  of  plants 
consists  of  four  elementary  substances,  viz.,  carbon,  oxygen,  hy- 
drogen, and  a  small  quantity  of  nitrogen.  The  inorganic  part 
consists  of  the  following  earthy  substances,  viz.,  potassa,  soda, 
lime,  silica,  magnesia,  alumina,  oxide  of  iron,  oxide  of  man- 
ganese, sulphuric  acid,  phosphoric  acid,  and  tshlorioe.  Al- 
though the  ash  forms  a  very  small  part  of  plants,  yet  it  seeois 
to  be  as  essential  to  their  growth  and  existence  as  any  of  the 
elements  composing  the  organic  part.  The  proportion  in 
which  these  substancjes  are  found  varies  in  diflferent  plants, 
and  even  in  different  parts  of  the  same  plant  The  following 
ables,  by  Boussingault  and  Johnston,  give  the  composilion 
the  organic  as  well  as  of  the  inorganic  parti  of  some  of 

most  valuable  plants. 
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When  all  moistvre  has  been  evaporated,  100  lbs.  of  each 
vegetable  substance  is  composed  as  follows : — 


Wheat, 

Oata, 

l*eaa. 

Potatoea, 

Wheat  Straw, 

Oat  Straw, 

Pea  Straw,..». 


Carbon. 


Oxygen. 


40-1 

43-4 

5-8 

607 

86-7 

6*4 

40-6 

4(H> 

&2 

44-0 

44-7 

6-8 

48-4 

»9 

6-8 

60-1 

89H) 

6-4 

45-8 

36-6 

6-0 

Sjdrogni 


Xltniftn. 


2-S 
2-2 
4-2 
1-6 
0-4 
0-4 
2-3 


2-4 

4-0 
81 
4*0 
7-0 
6-1 
11-3 


100 
100 
100 
100 
100 
100 
100 


In  100  lbs.  of  ash  we  have  the  following  composition :  — 


Potaasa, 

Soda, 

Lime, 

Magnesia, 

Alumina, 

Oxide  of  Iron,.... 

Silica, 

Snlphurio  Add,.. 
Phosphoric  Add, 
Chlorine, :.. 


Wheal. 

Oats. 

Barley. 

Wheat 
Straw. 

Oat 

Btnw. 

10 

6-0 

13 

0-50 

16 

20-6 

6-0 

12 

0-78 

trace 

8 

3-0 

4*6 

7-00 

276 

.     8 

2.6 

8 

1-00 

0-50 

2 

0-5 

1 

276 

trace 

0 

1-5 

trace 

0 

trace 

34 

76-6 

60 

81-00 

80O0 

4 

1-6 

2-6 

1-00 

1-50 

3-6 

3-0 

0 

6-00 

0-26 

1 

0-6 

1 

100 

trace 

100 

100 

100 

100 

100       ' 

66.  Hence  it  appears  that  different  kinds  of  plants  must  ex- 
haast  the  soil  of  different  proportions  of  inorganic  matter ;  thus, 
for  example,  100  lbs.  of  the  ash  of  wheat  cany  off  19  lbs.  of  po- 
tassa  and  34  lbs.  of  silica,  while  that  of  barley  only  12  lbs.  of 
potassa  and  as  mach  as  50  lbs.  of  silica.  Thus  it  is  that  some 
land  will  suit  one  kind  of  vegetables  and  not  another  kind ; 
and  hence  it  is  that  two  successive  crops  of  different  kinds  of 
plants  may  grow  on  land,  when  two  successive  crops  of  the 
same  kind  would  exhaust  the  soil  of  some  of  its  most  essential 
constituents.  It  has,  however,  been  found,  that  when  any  one 
of  the  alkalies  is  absent  from  the  soil,  its  place  may  be,  to  a 
certaii)  extent,  supplied  by  another  alkali  without  injury  to 
the  vegetation :  thus,  when  a  soil  is  deficient  in  potassa  and 
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Boda,  then  lime  (an  alkaline  earth)  will  in*  some  measan  sap- 
ply  their  place  in  the  ash  of  the  plaaL 

67.  As  plants  carry  off,  year  af\er  year,  certain  portioiis  of 
organic  as  well  as  inorganic  substances  from  the  land  in  which 
they  grow,  it  becomes  necessary,  in  most  soils,  that  these  sub- 
stances should  be  restored  to  the  land  in  the  form  of  manures. 

COMPOUND    ORGANIC   SUBSTANCES   IN   PLAJ9TS. 

68.  In  the  organic  part  of  plants,  the  four  elements  of 
wliich  it  is  composed  are  found  in  the  plant  in  the  form  of  dis* 
tiiiot  compounds  ;  the  most  abundant  of  these  are  lignine  or 
woody  fibre,  starch,  gum^  sugar,  gluten,  and  albumen.  The 
first  four  substances  are  composed  of  carbon  and  water  only, 
and  the  last  two  substances  contain  nitrogen,  in  addition  to 
carbon,  oxygen,  and  hydrogen. 

llie  comi>osition  of  the  first  four  substances  is  as  follows:  — 

Com|>adtion  may  be  rpprwtcntM. 

LigTiinc      -     i\  lis  Og  12  cq.  carbon  and  8  eq.  water. 

Starch         -    Cu  llw  0„,  12  cq.  carbon  and  10  cq.  water. 

Gum  -    C,5  Ilfl  0„  12  eq.  carbon  and  11  oq.  water., 

Grape  Sugar    C^  IIi*  Og  12  eq.  carbon  and  12  eq.  water. 

The  only  difference  in  the  composition  of  these  compounds 
is,  that  they  contain  different  proportions  of  the  elements  of 
water. 

I^Iost  of  vegetable  compounds  are  characterized  by  the  Mr 
lowing  circumstances :  1.  By  being  composed  of  the  same 
elements ;  2.  By  the  facility  with  which  they  undergo  decom- 
position ;  3.  By  the  facility  with  which  many  of  them  are 
converted  into  each  other,  especially  when  a  substance  contain- 
ing nitrogen  is  present ;  4.  By  the  impracticability  of  form- 
ing them  by  the  direct  union  of  their  elements. 

These  distinct  comi)oimds,  which  exist  ready  formed  in  the 
vegetable,  are  called  proximate  principles;  thus  sugar  and 
gum  are  proximate  vegetable  principles. 

Experiment. — Put  some  wheat  flour  in  a  fine  muslin  beg,  and  knead 
or  woik  it  with  your  fingefs,  while  a  small  stream  of  wa^.ii  pound 


KXPRRIMCNTAt   CRBUtBTRT.  i^03 

Upon  it;  continue  the  proceas  until  the  water  ceases  to  be  mOky:  the 
Mibstance  lemaimng  in  the  bag  is  a  gray  adhesive  matter  like  bird  lime» 
called  ghiten;  allow  the  milky  portion  which  has  been  washed  from 
the  bag  to  subside ;  decant  the  iiie&i  liquid :  the  white  depositian  is 
called  wtarch ;  take  the  dear  liquid  and  boil  it :  white  flakes  of  aXbwnen 
are  foimed,  a  substance  rery  similar  in  its  nature  to  the  white  of  an  egg. 
Oum  and  sugar  are  dissolved  in  the  water. 

Perform  the  same  process  with  grated  potato:  in  this  caBe,^fibrous 
matter  is  left  in  the  bag,  the  other  portions  being  the  same  as  in  the 
preceding  experiment. 

'  69.  Lignine,  starch,  gum,  and  sugar,  being  so  similar  in 
composition,  may  readily  be  converted  into  each  other.  Thus, 
for  example,  starch  may  be  converted  into  gum  by  roasting  at 
a  temperature  above  that  of  boiling  water ;  lignine  may  be 
converted  into  gum  by  the  action  of  strong  sulphuric  acid ; 
and  the  gum  thus  formed  may  be  converted  into  sugar  by  add- 
ing water,  and  ])oiling  the  mixture  for  some  hours ;  and  so  on 
to  other  cases  of  transformatioi^. 

Experiments. 

1.  Dissolve  some  starch  in  boiling  water :  a  |hick  jelly  is  fi}nned» 
which*  after  being  dried,  has  the  appearance  of  glue ;  this  jelly  is  insol- 
uble in  cold  water,  and  is  rendered  blue  by  the  addition  of  a  solution  of 
iodine.  (See  Exp.  2,  Art.  21.)  To  the  thick  solution  of  starch  add  an 
inftifion  of  vegetated  barley  of  the  nudting:  the  starch  grows  more 
liquid,  and  in  a  short  time  its  consistence  entirely  disappears ;  evaporate 
to  dryness,  and  a  yettow  jelly-like  mass  is  obtained,  which  is  now  readily 
dissolved  by  cold  water,  whereas  starch  is  insoluble  in  cold  water.  To  a 
■caution  of  this  substance  add  a  solution  of  iodine :  a  red  wine  color  is 
produced.  This  yeUow  substance  is  a  gum  called  dextrine;  it  is  used  in 
the  plao6  of  gum  arabic  for  stiffening  calico.  There  is  evidently  some 
active  agent  in  the  vegetating  barley,  which  has  produced  these  changes 
in  the  starch :  this  agent  has  been  called  ditutate. 

2.  Boil  some  diluted  sulphuric  acid  (1  part  of  add  to  12  parts 
of  water)  in  a  porcelain  dish ;  add  gradually  some  starch  paste :  the 
starch  is  dissolved ;  test  a  portion  of  the  solution  by  means  of  a  solution 
of  iodine :  a  red  wine  color  is  produced,  as  in  the  last  experiment ;  con- 
tinue the  boiling  for  a  short  time  longer,  and  the  iodine  will  ceade  to 
produce  any  change  of  color.  Take  the  liquid  in  the  evaporating  dish, 
an^add  to  it  powdered  chalk  until  the  add  is  neutraliied,  and  allow 
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the  fulphate  of  lime  to  subside :  the  clear  liquid  is  sweet,  and  cryitaLi 
of  tugar  may  be  obtained  by  evaporating  a  portioa  of  the  water  by  a 
slow  heat.  In  this  process  no  gas  is  given  off,  and  the  acid  soffos  no 
change.  The  only  difTerenoe  in  the  composition  of  starch  and  sugar  i% 
that  the  latter  contains  more  of  the  dements  of  water  than  the  Sonner. 

Berzelius  designates  this  peculiar  action  exerted  f»j  the  sol- 
phuric  acid  in  converting  starch  into  sugar  the  catalytie  force, 
or  the  force  of  catalysis. 

70.  Fermentation,  —  This  term  is  used  generally  to  express 
those  changes  that  are  spontaneously  effected  in  organic  sub- 
stances by  the  reaction  of  their  elements.  Thus,  when  a  so- 
lution'of  grape  sugar,  to  which  ferment  or  common  yeast  has 
been  added,  is  kept  for  some  time  at  a  moderate  heat,  the  mix- 
ture froths  up,  in  consequence  of  the  escape  of  carbonic  acid 
gas,  the  sweet  taste  of  the  solution  gradually  disappears,  and 
when  the  fermentation  has  ceased,  spirit,  or  alcohol,  is  found 
in  the  water.  This  spirit  is  given  off  in  a  concentrated  form 
by  evaporation  at  a  temperature  below  that  of  boiling  water. 
Alcohol  (CiHfiOj)  contains  less  oxygen  and  carbon  than  sugar ; 
hence  the  escape  of  carbonic  acid  in  order  to  change  the  sugar 
into  alcohol  Thus  sugar,  or  Ci,Hj,0,„  becomes  2CJt{Jdti  or 
2  eq.  alcohol  and  4C0},  or  4  eq.  carbonic  acid.  Yeast,  as 
well  as  all  substances  which  have  the  property  of  inducing  or 
exciting  fermentation,  contains  nitrogen,  in  addition  to  carbon, 
oxygen,  and  hydrogen. 

71.  When  a  mixture  of  diluted  spirit  and  yeast  is  exposed 
to  the  air,  oxygen  is  absorbed,  and  acetic  acid  or  vinegar  is 
formed.  The  composition  of  dry  acetic  acid  is  C^JOi ;  thai 
is,  it  may  be  represented  by  4  eq.  carbon  and  3  eq.  water. 

.^  Hence  the  action  may  be  represented  as  follows :  — 

1  eq.  alcohol  +  4  eq.  oxygen  =  CfH^Oi  +  O4 

=3  C4H,0,  +  3H0, 
or  1  eq.  acetic  acid  +  3  eq.  water. 

In  both  of  these  cases  of  fermentation  the  jeast  merelj  acU 
as  a  stimulating  agent. 

72.  Besides  the  proximate  vegetable  principles  already 
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enamenitedlT  tliere  are  sereral  vegetable  acids,  oils,  fatty  mat* 
ters,  aod  the  peculiar  substance  called  diastase,  which  pro* 
daces  an  important  action  in  relation  to  the  growth  of  plants. 
VepeiaiU  aeidM. —  The  most  common  vegetable  acids  fkt9f 
acetic  acid  (vinegar),  malic  acid  (the  acid  of  apples),  oxalio 
add  (from  4»mmon  sorrel),  .tartaric  acid  (in  grapes),  citrin 
acid  (the  acid  of  lemons). 

GERMINATION.      DIASTASK. 

73.  When  a  seed  is  planted  it  begins  to  sprout ;  thai  U,  It 
shoots  a  sprout  upwards  into  the  air,  and  rcikU  u  r(K>t  ddwii* 
wards  into  the  soil.  At  this  stage  of  the  life  of  ihn  yoiwp, 
plant  k  must  live  upon  the  starch  and  ghitcn  rontfiimtil  hi  thu 
seed  alone.  In  order  to  render  those  suhHtfitin's  Milubin  in 
water,  and  thereby  available  for  the  food  of  thf;  plant,  lh<tn<  U 
formed  out  of  the  gluten,  at  the  base  of  tho.  g<;rni,  Ih^  pfniliar 
substance  called  diastase.  This  subHtuncc.  rcndrm  llwt  nUwt'U 
soluble  in  the  sap,  and  it  is  thus  convyrd  Ui  ttii*  hliool  itnil 
root  of  the  young  plant  The  starch  in  ttilM  hUiU:  of  noIiiiIoii 
becomes  sugar.  As  the  plant  advanc(;H  in  ltd  growth  U  Im<i;Iii|^ 
to  have  leaves,  and  at  this  stage  the  sugar  in  «'haif(/<'d  hilii 
woody  fibre,  which  forms  the  stem,  l^y  iUt:  iiifio  fh«<  RlwM'h 
and  gluten  are  exhausted  from  these^rd,  thn  plartf  hii«fM'«|M)M<f| 
all  the  functions  necessary  for  taking  up  i'lunl  (nun  thn  nU  fiM'l 
the  soil.  A  similar  process  takes  plnrn  in  i\m  UitttmWuh  of 
malt,  where  the  germination  of  th«j  barley  U  »lo|i|i«««l  lylM'H 

'  the  sugar  is  formed. 

8TRCCTCRE  AND  FUNCTIONS  OK  TLANTi*.      rOOfl  Of  I'l.ANt^. 

74.  A  complete  plant  has  three  parts  which  srn  i:nnnu\\n\  (^ 
its  growth :  a  root,  which  throws  out  fibres  into  the  soil  i  a 
trunk  or  stem,  wliich  rises  into  the  air;  and  leavrN,  which 
present  an  extended  surface  to  the  anion  of  the  air.  Kach 
of  these  tlirf»e  parts  p<.Tforin8  peculiar  functions  or  offices  in 
the  growth  of  the  plant. 

1.  The  tnink,  or  stem,  copsistsof  three  parts :  in  the  oenUe 
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i«  iLe  /)i'v..  nrxt  iht*  pith  is  the  irooi/,  and  the  bark  eDclosei 

Thi*  pith  con>i?is  of  very  small  horizontal  tubes ;  the  vood 
;ir;'i  ).•'.•-.'*  ban:  are  made  up  of  longitudinal  tubes  connected 
i.«^'  :Lr  r  lor  ooavt-yin^  ihx:  sap  belwet-n  the  roots  and  k-avci: 
ibc  V'.*M:i>  ill  ih*:*  wood  eiinvry.ih»-  .*:ip  from  the  ruots  to  tLe 
ir:iv..?.  a!..i  :Li*  v»??i'l>  in  the  iiuuT  hark  convoy  the  sap  from 
ti .'  1...V..-  til  ::;*.■  i\iLii>  :  iliu?  in  a  growinjr  plant  there  are  cur- 
rcT.:-?  ••:*  ^a!>  omiiniiallv  a?-Cfndin'j  and  dcpct-ndin^r.* 

J.  Tiir  r  #:./  on  Ivaviiii:  the  tieni  has  the  same  structure  as 
I'w  tnsiik  :  but  the  tiiielv-.-xterided  ttivlrils  consist  of  otie 
viii:»\  unif'.rin,  *;>o::2y  mas*,  fur  the  purpose  of    absorbing 

.'•.  The  (r-fir'  cv>n^;^I^  t.f  dhre>,  which  are  continuations  of 
:h-  wo'.'h  lo^'.rhtT  \vi:h  the  ^reen  portion,  which  is  a  oontinu- 
at:i-.:i  o:"  :'.."  l-.irk.  The  nnkr  part  of  the  leaf  is  full  of  j>ores 
"v\l.".i":.  o::i2::r.;:.:',-,ii':-  wi:h  tlio  hilljw  tube*  of  the  inner  ?>arl;. 
I:  :.n>  a'-'^;.a  iv  i-t-  ii  «  x:  laiiicd  Exp.  »%  Art.  15,  and  Art.  H 
:i.a;  in  ;:.e  JaVtimi.*  ;h'?  leave?  arc  ciuitinuallv  abjorbin'^  car- 
!»:■:. io  a?:.i  iia?  rr'"»:n  ihe  air.  ainl  throwing  ofl'  oxv;ien  :  thus 
^vtr;*.:;:.*  Sv^ii  is  dvcoii^no-?*?]  bv  iho  i-lant  —  the  carlx»n  is 
rt:a:::  ■'.  as  iWl.  ^iille  ih*?  oxvjron  is  rciccicd.  The  rcvcTSf 
«.•:'  :I';is  rro.vss  is  ncix^cr  on  at  uiirht,  but  so  slowlv  a>  K*arctlv 
to  in*?  r.'  r:^  wl-h  tijo  c:ori»rral  eliVrci.  Carbonic  acid  also  enters 
u.c  ]\.\::i  i;iroi:^h  ;]:-j  r^-ots.  Somo  srppose  that  carbon  enters 
:!.e  I  lar.:  bv  tlie  roots  in  the  form  of  ulmic  aciff^  a  substance 
oi.-:'-s: .  S'd  of  carbon  and  water  onlv. 

7o.  The  elements  composing  the  organic  part  of  plants  arc 
alwavs  absorbed  in  a  state  of  combination,  and  the  >nbstances 
tomiin:;  the  inorganic  pan  mast  be  in  a  state  of  solution,  in 
order  to  be  sucked  in  I'V  the  roots.  The  food  of  plants  must 
contain  the  various  elements  which  enter  into  their  composi- 
tion.    In  general,  the  substances  which  afford  this  food  are 

*  Tbc  x«rcnt  of  the  Mp  pmhablv.  in  some  measure,  depends  oii  the  prin- 
<">pie  of  fndi>tmct€  and  tjosmote,  i  See  ArL  99,  p.  89,  of  tlie  Tmtiie  oo  Hj- 
drasutics.) 
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carbonic  acid,  water,  and  ammonia,  derived  from  the  air  as 
well  as  the  soil ;  and  certain  saline  and  earthy  substances,  de- 
rived exclusively  from  the  soil.  Light  and  heat  (and  proba- 
bly electricity)  stimulate  the  functions  of  plants,  and  are  abso- 
lutely necessary  to  their  growth  and  full  development.  Light 
is  also  essential  to  the  formation  of  the  coloring  matter  in 
plants. 

It  will  now  be  easy  to  see  how  the  plant  should  form  woody 
fibre,  starch,  sugar,  gum,  or  vinegar,  all  of  which  substances 
consist  of  carbon  and  water  only,  united  in  different  propor- 
tions. Anmionia  and  nitric  acid  supply  the  plant  with  nitro- 
gen. 

Section  VIL 

soils.  their  co^iposition.  organic  and  inorganic 
parts.  saline  and  earthy  parts.  physical  char- 
acter of  soils.  to  separate  the  sand  from  the 
clay.  to  determine  the  quantity  op  lime,  of  or- 
ganic matter,  and  of  saline  matter,  in  a  sol^ 
origin  of  soils.  mechanical  properties  of  soils, 
chemical  properties  of  soils. 

composition  of  soils. 

76.  Soils,  like  plants,  are  composed  of  organic  as  well  as 
of  inorganic  matter. 

The  orgajiic  part  of  soils  is  chiefly  derived  from  the  re- 
mains of  vegetable  and  animal  substances.  Peaty  soils  con- 
tain a  large  proportion  of  organic  matter,  while  good  wheat 
lands  contain  only  about  one  twentieth  of  thei^vhole  weight. 
This  organic  matter  in  the  soil  has  been  called  humus^  which, 
by  the  action  of  alkaline  substances,  is  resolved  into  ulmic  and 
humic  acids.  As  the  vegetable  matter  undergoes  decay,  this 
organic  portion  of  the  soil  also  gives  to  the  land  the  various 
inorganic  substances  found  in  its  ash. 

77.  The  inorganic  part  of  soils  consists  of  certain  sqline 
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soluble  substances,  aad    of   certain    earthy  insoluble  sub- 
Btauces. 

1 .  The  saline  soliMe  tuhstances  consist,  in  general,  of  com- 
mon salt,  sulphates  of  soda  and  magnesia,  gypsum,  with  small 
portions  of  tlic  nitrates  of  potassa,  soda,  and  lime,  and  of  the 
chlorides  of  calcium,  magnesium,  and  potassium,  together  with 
nmmoniacal  salts.  From  these  soluble  compounds  the  plant 
obtains  nearly  all  the  saline  matter  contained  in  its  ash.  The 
rain  dissolves  these  saline  substances,  and  carries  them  into 
tlie  subsoil ;  but  in  dry,  warm  weather,  they  reascend  to  the 
Surface,  and  are  thus  brought  in  contact  with  the  roots  of  the 
growing  plant.  Thus  fine  warm  weather  accelerates  the  ripen- 
ing of  com  and  other  valuable  grain.  ^ 

2.  The  earthy  insolub/e  substances  in  the  soils  never  consti- 
tute less  than  nine  tenths  of  their  whole  weight.  The  prin- 
cipal ingredients  of  this  earthy  matter  are  silica^  in  the  form 
of  !»ancl,  alumina,  mixed  with  sand,  in  the  form  of  r/oy,  and 
carbonate  of  lime.  'NMiere  the  soil  has  a  red  color,  the  oxide 
of  iron  is  generally  present.  Minute  traces  of  pho^hate  of 
lime  may  also  be  detected  in  most  good  soils. 

PnYSICAL   CnARACTER   OF   SOILS. 

78.  The  relative  proportions  of  sand,  clay,  and  lime  in  a 
soil  give  it  a  peculiar  physical  character.  When  a  soil  con- 
tains only  a  small  proportion  of  clay,  it  is  called  a  sandy  soil: 
when  the  quantities  of  sand  and  clay  are  nearly  equal,  it  is 
called  a  loamy  soil,  or  clay  loam^  according  as  the  quantity  of 
sand  is  greater  or  less  than  the  clay ;  when  the  clay  is  much 
in  excess,  it  i|  called  clay  loam,  or  strong  clay,  as  the  case  may 
be.  Good  arable  land  rarely  contains  more  than  one  third 
part  of  its  weight  of  clay. 

79.  To  separate  the  sand  from  the  day  in  a  9oil*  —  Take  about  half  an 
ounce  of  soil,  and  boil  it  in  about  half  a  pint  of  water,  in  a  poivelain 
disli,  until  it  is  completely  diffused  through  the  water ;  after  shaking, 
let  the  mixture  stand  for  a  minute,  to  allow  the  sand  to  settle  to  the 
bottom  of  the  voBd,  while  the  clay  remnns  ■usiwudeJ  in  the  flnid; 
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pour  off  Um  water  with  the  floating  clay  into  anotber  ressd,  and  allow 
the  clay  now  to  settle.  The  sandy  portion  of  the  soil  will  be  found  in 
the  fiist  Teasel,  and  the  clayey  portion  at  the  bottom  of  the  second.  The 
Band  and  clay  may  now  be  dried  and  weighed  separately,  and  the  rela- 
tive weights  will  gire  the  proportion  in  which  they  subsist  in  thesoil. 

80.  If  a  8oil\x>ntains  more  than  one  twentieth  of  its  weight 
of  carbonate  of  lime,  it  is  called  mctrl ;  and  if  more  than  one 
fiflhy  it  is  called  calcareous  soiL 

To  deterniine  the  qwumy  of  Umt  in  a  mil.  —  Take  1(M)  grains  of  the 
schI,  (which  has  been  previously  heated  to  redness,  to  de?troy  the  vegeta- 
ble matter,)  and  diffuse  it  through  about  half  a  |nnt  of  distilled  water ; 
add  about  an  oimce  of  hydrochloric  acid,  and  allow  the  mixture  to 
•tand  fior  a  few  hours,  observing  to  stir  it  from  time  to  time.  Bubbles  of 
carbonic  add  are  given  ofiH  After  the  action  has  ceased,  pour  off  the 
clear  Uquid ;  dry  and  then  heat  the  residue  to  redness,  and  weigh  it : 
the  loss  is  nearly  the  weight  of  lime  and  carbonate  of  lime  in  the  soil. 

81.  To  dettrmine  the  quantity  of  organic  matter.  —  Dry  about  an 
cmnce  of  the  soil  on  paper  in  an  oven,  at  a  heat  which  docs  not  char  the 
paper ;  bum  about  200  grains  of  this  dry  soil :  the  loss  is  nearly  the 
weight  of  the  organic  matter  contained  in  it. 

82.  To  determine  the  quantity  of  saline  matter,  —  Take  2  lbs.  of  dry 
•oil,  and  boil  it  in  about  a  quart  of  distilled  water ;  after  allowing  the 
solid  matter  to  subside,  pour  off  the  clear  liquid,  and  evaporate  to  dry- 
ness at  a  moderate  heat ;  weigh  the  residue,  and  it  will  give  the  quan- 
tity of  soluble  sahne  matter  in  the  soil.  In  a  good  soil  this  saline 
matter  may  weigh,  upon  an  average,  about  20  grains. 

ORIGIN    OF   SOILS. 

83.  Soils  owe  their  origin  to  the  disintegration  or  gradual 
crumbling  down  of  rocks,  by  the  action  of  wa*r,  frost,  air, 
and  various  chemical  agents.  Hence  soils,  in  general,  derive 
their  peculiar  character  from  the  geological  strata  upon  which 
they  lie,  or  from  the  nature  of  the  rocks  in  the  adjacent  hills 
or  mountains. 

3IECIIANICAL   PROPERTIES    OP   SOILS. 

•  84.  Sandy  and  marly  soils  are  heavy,  while  peaty  soils  are 
light.  Strong  clays  and  peaty  soils  absorb  and  retain  moist- 
ure ;  hence  they  are  damp  and  cold ;  hence,  especially,  the 

43* 
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necessity  for  draining  BQcb  soils.     San^j  soils  neitlier 

nor  retain  much  moisture  ;  hence  such  Boila  become  eC-., . 

with  the  heat  of  summer,  and  the  plants  growing  upon  An 
are  burned  up.  In  rain;  seasons,  however,  tsaady  aaiSa  &»> 
quently  sustain  a  luxuriant  vegetatiofi,  while  th6  plaala  upas 
a  dajrejr  knd  almost  perish  from  the  excess  of  moisliue. 

85.  Heat  causes  clay  and  peat  to  conmet ;  in  doing  to,  dw 
soil  compresses  the  roots  of  the  jdants,  yd  pMiYeats  the  aeoeit 
of  air,  and  thus  the  growth  of  the  plant  is  retarded 

86.  The  absorbent  power  of  clajr  is  os^iil  in  ■  soil,  fin-  d»^ 
ing  the  hot  and  dry  season  of  the  year,  in  die  cool  pariod  if  ' 
the  night,  the  clay  absorbs  the  dew  that  falls  Dpoa  H,  aad  ■••  - 
tains  tlie  moisture  with  great  tenacity. 

87.  In  ordt^r  that  plants  may  come  to  pet^ectwn,  U  ia 
sary  that  the  soil  on  which  they  grow  should  attain  a  < 
degree  of  warmth.     Damp  lands  are  cold,  for  the 
evaporation  of  the  moisture  carries  oS  the  beat  of  the  m  t 
hence  (he  neneBsity  of  drainage, 

88.  These  obsenations  show  the  Talue  of  a  due  admixtme 
of  olay  and  sand  in  order  to  form  a  mixture  having  all 
mechanical  qualities  of  a  fertile  soil,  where  ttie  earthy  con^lil- 
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of  alkaline  silicates  are  gradually  reduced  to  powder,  and  in 
this  state  water  dissolves  the  alkaline  matter.  (See  Exp.  1, 
Art.  28.) 

90.  A  fertile  soil  should  not  only  contain  all  the  elements 
essential  to  the  growth  of  a  plant,  but  they  should  exist  in  a 
due  proportion.  A  deficiency  of  one  substance,  or  an  excess 
of  another,  may  equally  contribute  to  deteriorate  the  quality 
of  the  land.  Hence  the  utility  of  artificial  applications  to 
land,  whereby  the  farmer  is  enabled  to  supply  what  may  be 
deficient,  or  in  some  degree  to  neutralize  the  influence  of  what 
may  be  in  excess.  The  following  analyses  of  three  different- 
Boils,  by  Dr.  Sprengel,  afiford  a  striking  illustration  of  these 
remarks. 

1000  parts  of  each  soil  contained  as  follows :  — 

No.  1.  No.  2.  No.  8. 

Fine  earthy  and  organic  matter,     -    937  839  599 

Silidous  Band,        -            -            -      4o  160  400 

Saline  soluble  matter,         -            -      18              1  1 


1000    1000    1000 

1000  parts  of  the  fine  earthy  and  organic  matter  contained,  — 

No.  1.     No.  2.     No.  3. 


Organic  matter, 

- 

- 

97 

50 

40 

Silica,  - 

- 

- 

648 

833 

778 

Alumina, 

- 

- 

57 

51 

91 

Lime,   - 

- 

- 

59 

18 

4 

Magnesia, 

- 

- 

8-5 

8 

1 

Oxide  of  iron,  - 

- 

- 

61 

30 

81 

Oxide  of  manganese, 

- 

- 

1 

3 

i 

Pota88a, 

- 

- 

2 

trace 

trace 

Soda,    - 

- 

<» 

4 

— 

— 

Ammonia, 

- 

- 

trace 

— 

— 

Chlorine, 

- 

- 

2 

— 

— 

Sulphuric  acid,  - 

- 

- 

2 

i 

— 

Phosphoric  acid, 

- 

- 

4-5 

11 

— 

fipirbonic  acid,  - 

IjOBSm           •                                ■* 

- 

- 

40 

H 

— 

- 

- 

14 

— 

a 

1000 

1000 

1000 
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N<».  1  i*  a  bichly  ft'rtile  soil,  which  had  grown  com  and 
pui-r^?  crop*  irir/tont  lUv  ap;>Ho»tion  of  any  manure.  Tiiis  soil 
>'rt-m?  to  i^mtnin  all  the  v^sfntiul  c*onscituents  of  plants.  Na 
•2  is  a  K-rti!e  ?oil  whicli  required  to  be  manured  with  gypsam. 
T:«  analyiU  indicates  a  •ijflioiency  of  soluble  saline  matter, 
vith  only  imcts  of  potassa.  soda,  and  sulphuric  and  other 
a«::i<  No.  3  is  a  barren  soil ;  it  is  deHcient  in  or^ranic  mat- 
ter ;  poMssa.  «i:-da«  &o..  are  almost  wanting ;  lime,  oxide  of 
iron,  ami  sih*?a  «c-em  to  l»e  lar;:ely  in  excess.  In  order  to  ren- 
der !::L*  soil  proluctive.  it  would  require,  not  only  to  have 
added  those  substances  which  are  absent,  but  some  other  sub- 
Macces  which  would  tend  to  neutralize  the  matters  in  excess. 


Sectio.v  mil 
impkovtment     of     suils.      mechaxical     oreratioxs  : 

r»RAlX:Ni".,  PLOl'CHING,  ETC.  MANURING  :  VEGETABLE, 
ANIMAL,  AND  MINERAL  MANTKLS.  SPECIAL  MANURES. 
SOTATION    OF    CROPS.      FALLOWING.      IRRIGATION. 

r'.rn« 'VEMENT  of  soils. 

?I.  Land  may  be  improved  l»y  working  it,  that  is,  bj  me- 
cl".ar.:v"il  operations,  such  as  draining,  ploughing,  «Sl'C.  ;  or  by 
ir^ir.^^ir^  :Le  qu;iLi:y  of  lue  soil  by  ihe  application  of  ma- 
:  :r-..s- 

vr.HANICAL    ME.VNS    mF   IMPROVING   L.OfD. 

Vf ,  i>r.::".i;\v.  —  It  hi-  alreaJv  been  shown  .'ArL  87)  that 
dA3:p  lai'-ds  are  co:J  antl  unpro*iuciive.  The  first  con^idora- 
::vr..  ihcrtfore.  wi:h  the  t'lrmtT  in  rt-ference  to  such  soils  is  to 
hi^e  All  rt -i u :•..;, m:  moisture  o:irried  oft'  bv  means  of  drains. 

m 

The  aivaiM^::?  of  dr.nnrvi'?  aro  f-inher  shown  by  the  follow- 
:'^^\lTYLT:r.>:.iT7ivs.  "\Vi:.-:i  ihiro  I-  too  niucii  water  in  a  soil, 
:"ie  t\XM  o:"  :i:o  j>Li»it  is  liilior  vasiied  down  to  the  subsoil,  or 
::  enters  the  nxKs  in  a  verv  diluted  state.  When  a  soil  has 
feeea  drained  and  ploughed,  it  is  no  longer  close  and  adhesive^ 
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but  permits  the  air  to  penetrate  through  it,  and  the  roots  td 
extend  themselves  in  all  directions.  Moreover,  a  more  health- 
ful decomposition  of  the  organic  matter  goes  on  in  dry  soils 
than  in  damp  ones. 

There  are  few  soils  which  maj  not  he  benefited  by  drain- 
age. It  is  specially  beneficial  to  damp  clay  and  peaty  soils. 
When  the  soil  is  a  clay  with  sand  or  gravel  for  the  subsoil,  it 
will  be  sufficient  if  the  surface  is  drained  ;  but  when  the  soil 
k  sandy,  with  clay  for  the  subsoil,  the  drain  should  go  down 
into  the  subsoil ;  otherwise  the  land  will  be  damp  and  cold. 
To  prevent  the  soil  being  washed  away,  the  fall  of  drains 
should  be  gentle.  Land  should  always  be  drained  some  time 
before  ploughing.  Drain  pipes  made  of  porous  burnt  clay, 
fitting  into  each  other,  are  now  generally  adopted  for  agricul- 
tural  purposes.  ^v 

93.  Ploughing  in  general,  especially  combined  wi&'  drain- 
age, allows  water,  air,  and  other  gases  to  come  in  contact  with 
the  roots  of  the  plants,  destroys  unhealthful  acidity  in  the  soil,  ■ 
and  promotes  the  decomposition  of  vegetable  matter. 
V'    94.  Subsoil  and  deep  ploughing  especially  bring  qew  min* 
eral  manure,  such  as  lime,  to  the  surface.     Agriculturists  con*  : 
isfder  that  the  subsoil  plough  should  not  be  used  until  after  the 
'land  has  been  drained  for  one  year.     The  reason  of  this  must 
be  obvious  ;  damp  soils  are  merely  cut  by  the  plough,  whereas 
'dry  soils  are  broken  to  powder  when  a  heavy  plr  ^h  passes 
[through  them.  ^ 

Manuring  as  a  means  op  improvin(J^  soils. 

*  ■       •    ■  • 

.^  dd.  Manures  are  divided  into  three  clfts&s,'N^4nB^¥J^^tiMe 
.manures,  animal  manures,  and  mineral  manures. .    ' 

'.  VEGETABLE   UAIIURE3.  ':• 

96.  These  manures  serve  to  open  the  pores  of  the  land,  and 
to  supply  organic  as  well  as  inorganic  foo4^to  plants.  Vege- 
table matter  may  be  used  as  a  manure  either  in  the  green 
state  or  in  the  dry  state. 


V, 


,-^ 
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Green  manures.  —  When  green  vegetable  sabstances  are  put 
into  the  soil,  they  undergo  a  rapid  decay,  yielding  a  speedy 
supply  of  food  to  the  growing  plant ;  on  the  contrary,  dry  ma- 
nures decay  more  slowly,  but  act  more  permanently  upon  the 
land.  The  cleanings  of  ditches,  hedge  sides,  &c.,  turnip  and 
I)otato  tops,  mixed  with  earth,  and  formed  into  a  composi  heapf 
constitute  an  enriching  application  to  the  soil  In  some  parts 
of  this  country  turnip  seed  is  sown  at  the  close  of  harvest, 
and  at  the  end  of  two  months  the  green  crop  is  ploughed  into 
the  land.     Sea  weeds  form  a  valuable  green  manure. 

97.  Dry  manures.  —  Dry  vegetable  substances,  such  as 
straw,  sawilust,  &c.,  decay  very  slowly ;  it  is  desirable,  there- 
fore, before  applying  such  substances  to  the  land,  that  th^ 
should  be  mixed  with  some  matter  which  tends  to  promote 
fermentation.  Sawdust  mixed  with  soil  and  common  weeds, 
laid  up  in  a  compost  heap,  and  from  time  to  time  watered  with 
the  liquid  manure  of  tlic  farm-yard,  is  converted  into  a  valu- 
able vegetable  mould.  If  the  fermentation  be  not  carried 
beyond  a  certain  point,  this  compost  exercises  a  gradual  and 
prolonged  action  on  the  growing  plants :  on  the  contrary,  if  it 
be  laid  on  the  land  when  in  a  complete  state  of  fermentation, 
the  action  is  immediate :  hence  the  application  of  the  latter 
kind  of  m.inures  to  turnips  and  other  crops  which  require  to 
be  brought  into  a  condition  of  rapid  growth.  Charcoal  paw^ 
der^  malt  dust,  bran,  rape  dust,  soot,  tanner's  barky  &C.,  are  the 
most  common  dry  manures  in  use. 

ANIMAL    MANURES. 

98.  Animal  manures  are  the  most  energetic  in  their  action, 
in  consequence  of  the  nitrogen  they  contain,  which  exists  in 
them  in  the  form  of  ammoniacal  salts  :  these  salts  are  amongst 
the  most  powerful  agents  in  promoting  vegetation.  The  value 
of  guano  as  an  application  to  the  soil  depends  chief!}'  on  the 
quantity  of  ammonia  which  it  contains.  According  to  Liebig, 
the  air  immediately  in  contact  with  the  soil  contains  small  por- 
tions of  ammonia,  which  is  being  continually  absorbed  by  tbe 
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soil.  The  soluble  portion  of  manures  is  most  valuable,  in 
consequence  of  the  volatile  substances  which  it  contains ;  and 
hence  the  intelligence  and  industry  of  a  farmer  are  shown  by 
the  cate  he  takes  of  his  barn  yard.  In  warm  weather  the 
mixed  manure  heap,  or  compost  heap,  should  be  watered^  and 
a  free  currenl^of  air  allowed  to  pass  over  it,  in  order  to  check, 
in  some  degree,  the  process  of  fermentation,  which  causes  the 
carbonate  of  ammonia  to  escape  into  the  air.  In  order  still 
further  to  secure  the  volatile  matters,. the  heap  should  be  cov- 
ered over  with  a  layer  of  soil,  or,  in  other  cases,  with  the  sul- 
phate of  hme ;  these  earths  absorb  and  fix  the  vapors,  and  are 
thus  converted  into  valuable  applications  to  land.  Quicklime 
should  never  be  put  into  the  compost  heap,  for  it  decomposes 
the  salts  of  ammonia,  and  thus  the  most  valuable  portion  of 
the  manure  would  be  dissipated  into  the  atmosphere.  As 
there  is  always  a  loss  during  fermentation,  the  judgment  of 
the  farmer  must  be  exercised  as  to  the  proper  time  for  laying 
the  fermenting  manure  upon  his  land  :  this  time  must,  in  some 
degree,  depend  upon  the  nature  of  the  soil  and  the  crops  to 
be  reared.  To  cold  soils,  for  example,  fully  fermented  manure 
is  most  valuable,  as  it  tends  to  warm  the  soil,  and  to  stimulate 
the  growth  of  the  plant. 

99.  Boussingault  gives  the  following  analysis  of  an  average 
farm  yard  manure :  — 

In  100  parts  of  the  manure  we  have 

Carbon,           -            -            -            -            -  7.41- 

Oxygen,          -            -            .            .            .  5.34 

Hydrogen,      -'-.-.  0*87 

Nitrogen,        .....  o*41 

Salts  and  earthy  substances,    .            .            .  6*67 

Water,           .....  79.30 


100-00 


MINERAL  MANURES. 


100.  Lime^  shell  sand^  and  marl,  —  Lime  is  the  most  impor- 
tant of  all  the  mineral  applications  to  land.  It  serves  a  me- 
chanical purpose  by  giving  a  proper  consbtency  to  soils,  9ii4 
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it  acts  chemically  by  decoraposin";  various  organic  substances, 
ut  the  same  time  absorbing  and  tixincjr  their  gaseous  products, 
and  rendering  vegetable  as  well  as  mineral  substances  soluble 
wliicli  were  not  so  before.*  Mr.  ]\Iofiat,  in  an  able  ^aper, 
(published  in  the  *sTounial  of  the  Northumberland  Agricultu- 
val  Society"  for  the  year  1849,)  adduces  the  following  exper- 
iment to  illustrate  the  mode  in  which  lime  acts  on  the  i>oil:  — 

Experiment,  —  "  Take  some  Bavrdust,  or  any  fibrous  matter,  and  boil 
it  ill  water,  so  as  to  extrat-t  all  lis  soluble  matter ;  wash  it  well  with  cold 
water,  and  straiu,  so  as  to  leave  it  only  in  a  moist  state ;  then  add  to  it 
one  fifth  part  of  caustic  lime,  and  close  the  mixture  up  in  a  bottle  for 
two  or  three  months.  After  tliis  period  you  will  find  the  lime  to  have 
assumed  a  Lro^NTilih  color,  cifcrvesccnt  when  vinegar  is  poured  upon  it* 
which  indicates  the  presence  of  catlwnic  acid ;  and  when  water  is  again 
boiled  with  the  mass,  it  will  gain  a  fawn  color,  and  by  evaporation  leave 
a  fawn- colored  powder,  consisting  of  hme  combined  AAith  vegetable  ex- 
tract. The  sawdust,  previous  to  the  action  of  the  lime,  was  perfectly 
insoluble  in  water  ;  it  is  now  converted  into  a  browniish  j^wdex,  which 
dissolves  in  lai^  quantity  in  water.  Now,  this  is  prcrusely  an  exami.1e 
of  the  change  produced  by  the  action  of  lime  in  a  caustic  state  upon  the 
insoluble  fibrous  matters  of  the  soil.**  Mr.  Moffat  funher  observes, 
«•  Caustic  lime  decomposes  all  the  salts  and  combinations  of  ammonia, 
combining  with  their  acids  by  reason  of  its  stronger  alkaline  affinity, 
and  dissipating  the  ammonia  into  the  atmosphere ;  hence  lime  should 
never  be  applied  with  g^ano,  nor  farm  3'ard  manure,  as  a  great  portion 
of  the  nutritive  quality  of  these  manures  resides  in  the  salt?  of  ammonia 
they  contain." 

When  vegetable  matter  abounds  in  a  soil,  a  considerable 
portion  of  lime  may  be  used  to  promote  the  decomposition. 
Stiff  clay  lands,  aflor  draining,  sliould  be  well  limed ;  on  the 
contrary,  light  lands,  where  there  is  neither  much  moi.<ture 
nor  vegetable  matter,  do  not  require  such  a  quantity.  Striking 
efffcts  are  produced  by  a  due  application  of  lime  to  pasture 
and  arable  lands. 

♦  Insoluble  compounds  of  silica  and  potassa  exist  in  many  of  our  rocks : 
now,  nhen  these  earths  are  crushed  and  mixed  with  hme  and  water,  it  has 
been  fuund  that,  after  a  certain  time,  the  silica  and  potassa  are  converted 
into  a  soluble  form.  Xo  doubt  these  changes  take  place,  to  a  limited  extcntt 
in  the  soil. 


r^ 
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The  eflTects  of  lime  gradually  disappear,  and  afler  a  few 
years  the  land  returns  to  its  original  state,  unless  fresh  lime  be 
added. 

Lime  is  removed  from  the  soil,  —  first,  by  sinking  through 
the  loose  soil ;  secondly,  by  rains  which  wash  it  away ;  and 
thirdly,  by  the  crops  carr3ring  off  certain  portions  of  lime  in 
the  form  of  the  carbonate. 

3farl  and  shell  sandy  besides  other  fertilizing  matters,  con- 
tain a  large  quantity  of  carbonate  of  lime ;  their  action  upon 
land  is  similar' to  that  of  mild  lime.  Sulphuret  of  iron  (iron 
pyrites)  is  found  in  some  soils.  This  insoluble  substance  has 
no  chemical  action  ;  but  when  it  has  been  for  a  length  of  time 
exposed  to  the  action  of  the  air,  it  absorbs  oxygen,  and  is  con- 
verted into  sulphate  of  iron,  (green  vitriol,)  which  is  highly 
soluble,  and  injurious  to  plants.  Now,  the  addition  of  carbo- 
nate of  lime  decomposes  this  salt,  forming  sulphate  of  lime  and 
the  inert  oxide  of  iron,  with  the  escape  of  carbonic  acid  gas. 

Sulphate  of  lime  may  be  used  with  advantage  for  all  kinds 
of  crops ;  but  it  is  especially  applicable  to  clover,  pea,  and  bean 
crops.     The  sulphates  generally  supply  sulphur  to  plants. 

Sulphate  of  magnesia,  as  a  top  dressing,  has  been  applied 
with  great  benefit  to  young  wheat. 

Sulphate  of  soda  (Glauber  salts)  has  been  beneficially  used 
for  turnip  crops ;  and,  mixed  with  nitrate  of  soda,  it  has  given 
abundant  crops  of  potatoes. 

Chloride  of  sodium  (common  salt)  has  generally  a  fertiliz- 
ing influence  on  high  or  sheltered  lands  situated  at  a  distance 
from  the  sea. 

Kelp  (the  ash  of  sea  weeds)  and  wood  ash  are  well  knoMOi 
to  have  a*beneficial  action  on  all  kinds  of  soils. 

Chloride  of  potassium  (the  residue  of  the  nitre  refiners)  is 
sometimes  used  as  a  dressing  for  grass  land. 

Nitrates  of  potassa  and  soda.  —  These  have  been  found 
especially  beneficial  to  young  plants.  The  nitric  acid  which 
they  contain  supplies  nitrogen  to  the  vegetable,  and  the  po* 
tassa  and  soda  are  equally  fertilizing ;  applied  at  the  rate  of 
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about  1  cwt  per  acre,  they  promote  the  growth  of  young  com 
and  grass. 

Gas  liquor  contains  a  large  quantity  of  ammonia ;  it  there- 
fore forms,  when  diluted  with  five  or  six  times  its  weight  of 
water,  a  superior  manure  for  grass  lands  or  crops  generally. 
Sulphuric  acid,  or  gypsum,  is  sometimes  added,  to  fix  the  am- 
monia in  the  gas  liquor. 

10 1 .  Special  man  ures.  —  As  plants  differ  in  their  composition, 
so  dififercnt  plants  evince  a  predilection  for  different  kinds  of 
food.  Ammonia,  nitrate  of  soda,  and  lime  promote  the 
growth  of  all  plants.  Lime,  especially  in  well-drained  soils, 
tends  to  bring  the  fruit  or  seeds  of  plants  to  perfection,  and 
thus  to  bring  in  an  early  harvest.  Gypsum  promotes  the 
growth  of  red  clover,  and  phosphate  of  magnesia  has  a  similar 
eflect  upon  potatoes ;  ami  so  on  to  other  cases. 

The  specific  action  of  particular  manures  on  the  growth  of 
certain  ])Iant3  is  a  remarkable  and  interesting  fact.  Even  cer- 
tain manures  pmniote  the  development  of  particular  parts  of 
the  plant ;  thus,  for  example,  manganese  added  to  the  soil 
improves  the  flowers  of  the  rose  bush. 

102.  Mixed  sali/te  manures.  —  A  mixture  of  lime  and  com- 
mon salt  is  recommended  as  an  excellent  manure.  A  mixture 
of  sulphate  and  nitrate  of  soda,  as  a  top  dressing,  has  been 
found  to  produce  remarkable  eilects  on  the  growth  of  potatoes ; 
and  so  on  to  other  cases.  It  appears  that  the  application  of 
mixed  saline  substances  is  calculated  to  produce  more  benefi- 
cial results  than  when  these  substances  are  used  alone.  Hence 
it  is  that  guano  (which  contains  several  saline  substances)  is 
found  to  act  so  beneficially  on  almost  every  kind  of  crops. 

KOT.VTION    OF    CROPS. 

103.  The  composition  of  soils  should  liave  a  relation  to  the 
kind  of  plants  which  they  are  intended  to  grow.  When  a 
particular  species  of  plant  has  been  grown  for  a  length  of 
time  on  a  soil,  that  soil  becomes  exhausted  of  the  inorganic 
matter  adapted  to  the  growth  of  that  particular  phmL     Now, 
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different  plants  extract  from  soils  different  proportions  of  the 
inorganic  matter  contained  in  them.  Hence  a  succession  of 
crops  of  different  vegetables  maj  be  raised  upon  the  same 
soil,  when  two  successive  crops  of  the  same  vegetable  could 
scarcely  be  reared.  Thus  barley  grows  well  after  a  crop  of 
turnips,  oats  aft^r  a  crop  of  grass,,  wheat  after  crops  of  beans 
and  potatoes.  The  following  is  a  specimen  of  a  six  years' 
rotation  of  crops :  — 

1.  Wheat;  2.  Turnips;  3.  Barley;  4.  Seeds;  5.  Oats; 
6.  Pptatoes. 

The  following  general  rule  should  be  observed  in  the  choice 
of  the  rotation  of  crops,  viz.,  -plants  which  require  chiefly  the 
same  kind  of  food  should  not  he  grown  in  succession;  thus 
plants  which  are  grown  for  their  roots  grow  best  after  those 
which  are  grown  for  their  seeds. 

Clover  adds  fertility  to  the  soil ;  and  hence  an  abundant 
crop  of  com  may  be  obtained  after  a  crop  of  clover.  In  this 
way  the  use  of  clover  has,  to  a  great  extent,  superseded  the 
system  of  fallowing. 

104.  Fallow,  —  When  land  has  been  exhausted  by  a  succes- 
sion of  crops,  its  exhausted  resources  are  resuscitated  by  ma^ 
nuring,  and  allowing  it  to  lie  dormant,  exposing  it  at  the  same 
time  (by  ploughing,  &c.)  to  the  action  of  the  air  and  moisture. 

105.  Irrigation.  —  When  water  is  allowed  to  remain  on 
land,  it  is  injurious  to  vegetation ;  but  the  occasional  flow  of 
water  over  the  surface  of  lands,  as  in  our  irrigated  meadows, 
carries  with  it  various  fertilizing  substances. 


QUESTIONS. 


I^TRODUCTioif. —  1.  Into  what  fonr  classes  are  the  laws  of  nature 
dividttd  i  What  do  the  laws  of  physics  govern  ?  By  what  terms  are 
the  four  great  physicul  truths  expressed  ?  What  phenomena  do  toiidt 
exhibit  ?     What  do  liaHitU  ?     What  airs  f    What  imponderables  f 

Mkciianics.  —  5.  What  is  mechanics?  Statics?  Dynamics?  Ily- 
drost^itics  f     Hydrodynamics?     Define  matter :  mats ;  (iensit^. 

7.  What  is  motion' f  When  is  motion  uniform  i  When  accelerated  f 
When  ret;inlcd  ?  What  is  velocity  ?  What  is  momentum  ?  What  m 
force  f  Different  kiniis  of  force  ?  What  is  meant  by  ponderable  and 
ini]iondcnible  l)odies  {     How  are  forces  known  to  us  ? 

i;j.  How  arc  the  properties  of  matter  divided  ?  Which  aro  primary 
properties?  Whii'h  are  tlic  secondary  properties?  Define  ertension; 
imfhiietrahilily.  What  are  compressibility  and  expansibility  ?  What  is 
divisibility?     Cohesion  f     Klastieity  ?    Mobility?     Inertia?     Gravity? 

24.  What  is  meant  by  the  attraction  of  gravitation  ?  AVhat  is  tho 
first  law  of  attraction  \'  The  second  law  ?  Summary  law'*  On  what 
does  the  force  of  gravity  at  any  place  dci>end  ?  How  much  velocity  docs 
a  falliuir  body  acquire  in  a  second  of  time  V     State  the  law  of  increase. 

25.  What  is  the  centre  of  gravity  ?  What  w  meant  by  the  lint  of 
direction  i  How  does  the  line  of  direction  govern  tho  stability  of  a  body  I 
What  ertect  has  the  elevation  of  the  centre  of  gravity  above  the  ba^e  ?' 

36.  What  is  the  first  law  of  motion  \  What  are  the  obstacles  to  mo- 
tion ?  Name  the  second  law  of  motion.  What  is  the  parallelogram  of 
motion  ?  What  is  the  parallelogram  of  forces  ?  Give  the  third  law  of 
motion.     By  what  is  the  intensity  of  the  action  of  any  force  estimated  ? 

27.  Give  the  law  of  descent  of  falling  bodies.  How  is  motion  atfeoted 
In  a  body  projected  vertically  upwanls  i  28.  What  is  a  parabola  ? 
29.  Give  the  law  of  vibration  of  a  pcndulnm. 

30.  How  many  and  what  forces  are  necc^ar}'  to  produce  motion  round 
a  centre  ?     What  is  centrifugal  force  ?     By  what  is  it  cdfelteracted  ? 

CI.  On  what  docs  tho  amount  of  work  done  by  an  agent  depend? 
What  is  the  unit  of  tcork,  as  adopted  in  this  country  ?  What  is  the  law 
of  labor  in  raising  a  body  in  opposition  to  gravity'^  AVhat  is  the  esti- 
mate of  a  horse  voictr  f 

^32.  What  is  tne  object  of  machinery?  Of  what  is  work  the  product  ? 
Name  some  of  the  active  agents  of*  nature.  What  is  a  fundumeuiml 
axiom  in  mechanics  ?  ^  W'hat  law  is  founded  on  tho  principle  of  the 
equality  of  work  ?  To'what  is  the  advantage  gained  by  a  machine  equir- 
aient  ?    How  is  the  principle  of  Wrtual  velocities  commonly  expressed  f 
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33.  Wliieh  arc  the  simple  mechanical  powers  ?  What  is  the  lever  ? 
How  many  kinds  ?  Describe  each  kind.  35.  What  is  the  wheel  a.id 
axle  ?  35.  Describe  a  windlass.  37.  By  what  means  may  the  motion  of 
one  wheel  be  transmitted  to  otlicrs  ?  39.  What  is  a  capstan  i  40.  De- 
8cril>e  a  ffib  crane. 

41.  What  is  a  pulley  ?     Of  what  kinds  ?    Mention  some  of  their  uses. 

44.  What  is  an   inclined   plane  ?     How   is  its  advanta^^   estimated  ? 

45.  What  is  a  wed^e  i    Its  uses.    46.  Describe  a  screw.    How  is  the 
screw  regarded  i    47.  Chief  uses  of  the  screw  ? 

48.  By  what  means  may  motion  be  commnnicated  from  one  axis  to 
another  t  What  is  a  train  of  wheels  ?  What  is  the  purpose  of  crown, 
bevelled,  and  face  wheels  1     Describe  the  rack  and  pinion. 

Steam  Kngixe.  —  Use  of  the  crank  and  conuectui*;  rod  ?  Of  the  fly 
wheel  t  3.  Describe  the  sun  and  planet  wheel.  4.  What  is  the  use  of 
Watt's  parallel  motion  ?  5.  What  is  an  eccentric  wheel  .'  6.  The  gov- 
ernor ?  7.  Describe  the  steam  boiler.  The  safety  valve.  9.  Use  of  the 
steam  gauge  ?  10.  Use  of  the  water  gauge  i  11.  The  water  regulator  ? 
What  are  the  respective  peculiarilies  of  tiie  high  and  low  pressure  engine  ? 

Hyduostatics  and  ilTDRAULiOL  —  1.  What  is  ht/Ji-ott/atirs  f  What 
is  ftydtxiuiica  f  2.  liow  do  fluids  diner  from  solids  1  3.  Difference  be- 
tween liquids  and  gases  ?  5.  What  is  the  Jirst  law  or  property  of  fluid 
bodies  ?    Illustrate  this.    The  strond  law  f    The  thiixl  f 

13.  Give  the  rule  for  finding  the  amount  of  pressui*e  upon  the  l4>ttom 
of  a  vessel  containing  ^\ater  /  14.  Upon  what  does  the  pressure  on  the 
bottom  of  a  vessel  depend  i 

15.  Show  tlio  upurard  pressure  of  water  by  an  experiment.  18.  Men- 
tion some  fact  in  nature  illustrating  this. 

19.  Knlc  for  finding  the  pressure  on  the  side  of  a  vessel  ?    Illustrate. 

21.  What  is  the  centre  of  pressure  in  a  vessel  of  water  ? 

22.  What  is  the  specific  gravity  of  a  body  ?  What  is  used  as  t|f  stan- 
dard of  comparison  f 

23.  What  determines  the  sinking  or  floating  of  a  body  ? 

24.  What  is  the  ^first  of  the  laws  regulating  the  pressure  of  fluids  on 
solids  immersed  in  them  ?     The  second  law  ? 

27.  Describe  the  hydrostatic  balance.  Give  the  rule  for  determining 
the  specific  gravity  of  a  siJid  bwly. 

28.  Rule  for  finding  the  specific  gravity  of  a  liquid  f 

33.  Chief  use  of  the  hvdrometcr  ? 

34.  Why  docs  an  iron  vessel  float  in  water  ? 

35.  What  is  re4ui>iie  in  order  that  a  body  may  float  with  stability  1 
Illustrate  this. 

30.  Explain  what  is  meant  by  capillary  attraction. 

37.  What  is  the  law  of  attraction  in  capillary  tubes  ?  AVhat  is  the 
eflcct  of  oiling  the  tube  ? 

39.  Explain  the  meaning  of  endoamose  and  exwtmose. 

Hjfdnmltcs.  —  41.  State  the  law  of  the  efllux  of  water  through  an  aper- 
ture in  a  vessel.  42.  To  what  is  the  velocity  proportioned  ?  By  what 
is  this  rule  modified  in  i)ractice  ?  What  difierence  in  effect  is  produced 
between  the  use  of  a  short  pipe  and  a  simple  aperture  7     Explain  this. 

r.NEi;MATics. —  1.  What  is  pneumatics?  2.  Height  of  the  atmos- 
phere \    Why  is  air  believed  to  be  material  ? 

3.r  Its  resistance  to  motion  ? 

4.  Its  impenetrability  ? 

5.  Evidence  of  iu  weight  1 
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7.  To  what  is  the  atmospheric  pressure  equivalent  I  8.  How  moch 
pros!<iii\^  uii  u  $>4iiure  inch  i  How  hi^^h  a  column  of  mercury  will  (be 
pressure  of  the  atmosphere  sustain  ?  Of  water  f  9.  Show  the  utility  of 
the  atmospheric  pressure  on  our  bo<lie3.  10.  Explain  the  constmctioa 
and  use  of  the  buroiueter.  1 1 .  Wliy  docs  water  continue  to  flow  tbrongh 
a  8i]ihon  when  put  in  operation  i 

1 2.  Kxplain  the  cause  of  inttrmitting  springs. 

14.  l$y  wiittt  is  the  elasticity  of  air  increased  ?  State  the  law  of  elas- 
ticity of  the  uir 

lb.  What  relation  is  there  between  the  density  of  tlie  air  and  its  height 
above  the  level  of  the  sea  } 

16.  How  arc  bodies  affected  by  heat  ?  What  class  of  bodies  are  most 
susceptible  of  this  action  \     What  is  the  cause  of  wind  ^ 

19.  What  is  the  ])uriK)sc  of  an  air  pumpf  Can  a  perfect  racuum  be 
produced  by  an  air  pump  i  Why  does  water  boil  at  a  lower  temperatnie 
on  a  mountain  than  at  the  sea  level  i 

lM.  Describe  the  construction  of  a  common  lifting  pump.  To  what  limit 
may  a  column  of  water  be  raiscfd  by  the  ascendinj^  piston  ? 

22.  Kxplain  the  action  of  a  cominm  Jbrciug  puinp, 

'23.  Of  what  use  is  an  air  chmnUr  in  a  forcing;  pump  ? 

21.  Advantage  of  a  double-acting  pump  \  25.  How  is  the  fire  engine 
constructed  .' 

30.  What  is  meant  by  the  diflTitsion  of  gases?  31.  Its  use  in  nature? 
32.  What  do  you  know'  of  the  liquefaction  of  gases  ? 

Acoustics.  —  33.  How  is  sound  conveyed  to  the  ear  ?    When  is  sound 

heard  ?    Effect  of  ([uickly-rcpeated  impulses  ?    What  constitutes  a  tone  f 

What  effects  are  produced  when  a  sonorous  body  is  struck  ?    34.  What 

property  is  essential  to  a  sonorous  iKidy?     On  what  docs  ihc  piu-h  of  iu 

tone  depend  i     What  constitutes  a  noise  f 

33.  M'hat  is  necessary  to  the  transmission  of  sound  ?  36.  On  what 
does  the  greater  condiiciinir  power  of  the  nir  depend  t  37.  When  a  gun 
is  fired,  what  diflcrencc  of  velocity  is  noticed  between  the  Jlash  and  the 
Sfntnd  f  At  what  rafc  docs  sound  travel  i  38.  Is  there  any  Letter  mtdium 
than  air  for  transmitting  sound  ? 

39.  Flow  is  sound  reflected  ? 

40.  What  is  the  cause  of  eclioc?  ? 

41.  How  may  sound  be  magnified  ? 

44.  How  arc  winds  produced  )  Explain  the  action  of  land  and  sea 
breezes. 

45.  "What  are  the  three  general  classes  of  winds  1  Explain  the  trade 
wiuds:  the  monsoons  f  the  i-ariaNes;  the  siroca>  and  simoom,  46.  What 
velocity  constitutes  a  gentle  breeze  f  A  brisk  gale  t  A  high  wind  f  A 
hurricane  ?    Jaiw  of  increase  '* 

47.  Why  does  a  balloon  ascend  ? 

Light.'— 1.  Relation  of  li;rht  to  the  eye?  2.  Sources  of  light! 
3.  What  are  non-luminous  bodies  ?  4.  Division  of  bodies  with  relation 
to  light  ?     What  is  the  characteristic  of  each  i 

5.  Velocity  of  light  ? 

Direction  of  light  ? 

f».  Law  of  intensity  of  light  ? 

7.  Two  n-markable  laws  of  light  ?    Exemplify  each. 

8.  DescrilKJ  the  two  theories  of  the  nature  of  light. 

9.  Law  of  reflection  ? 

10.  EfTocton  light  in  passing  from  one  medinm  to  anotberl    What 
iM  meant  by  the  ittlerfisretux  of  fight  ?    The  diffraction  f 
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11.  State  the  three  kinds  of  mirrors.  By  what  law  are  mirrors  gov- 
emcd  ? 

12.  What  is  the  general  effect  of  concave  mirrors  ? 

13.  Where  is  the  principal  focus  of  a  convex  mirror  ?  Why  called  the 
virtual  focus  ?     What  is  the  general  effect  of  convex  mirrors  1 

14.  State  the  law  in  relation  to  tlie  refraction  of  light.  On  what  does 
the  higher  refractive  power  of  a  medium  depend  ?  What  follows  when 
a  ray  of  light  passes  from  one  medium  to  another  of  different  density  ? 
15.  What  when  passing  through  a  plate  of  glass  ?  16.  What  when  pass- 
ing into  and  out  of  a  prism  ?  18.  Describe  the  several  forms  of  lenses; 
the  parts  of  a  lens. 

19.  What  is  the  focal  distance  of  a  double  convex  lens,  according  as 
the  incident  rajs  are  parallel,  divergtnty  or  convergent  f  20.  Of  a  plano- 
convex luns  1    22.  Of  a  double  concave  lens  ? 

23.  What  effect  has  a  convex  lens  upon  the  apparent  size  of  an  object 
seen  through  it  ? 

24.  What  are  diminishing  glasses  ? 

25.  Effects  of  spherical  al^rration  ?     The  remedy  ? 

27.  Remarks  on« the  eye?  Describe  its  various  parts.  What  is  the 
cause  of  short-sightedness  f  What  of  long-sightedness  f  How  do  we  judge 
of  the  actual  size  of  an  object  seen  at  a  distance  ?     IIow  of  the  distance  f 

What  is  meant  by  the  visual  or  optical  angle  f  On  what  does  the  size 
of  the  image  on  the  retina  depend  ? 

28.  What  is  the  purpose  of  a  microscope  ?  How  is  this  effect  pro- 
duced ? 

31.  What  is  the  purpose  of  a  telescope  1    What  two  kinds  are  used  ? 

40.  What  is  a  camera  obscura  ? 
1    41.  What  is  a  magic  lantern  ? 

42.  Give  a  description  of  the  stereoscope. 

Phenomena  of  Color,  —  43.  Of  what  is  a  ray  of  solar  light  composed  ? 
How  may  this  bo  prolVed  ?  44.  By  whom  was  solar  light  first  decom- 
nosed?  45.  What  distinct  properties  exist  in  the  solar  spectrum? 
Where  is  the  most  luminous  portion  located  ?  Where  the  most  heating 
portion  ?  Where  the  greatest  chemical  intensity  ?  46.  Which  are  the 
three  fundamental  colors  ?  What  do  you  understand  by  a  complementarg 
rag?  ' 

47.  On  what  principle  does  the  rainbow  depend  ? 

48.  How  is  the  phenomenon  termed  the  mirage  accounted  for  ? 

49.  WhtLt  Are  halos  t 

50.  What  is  dq^e  refraction,  and  how  produced 

51.  Explain  th^olarization  of  light  by  reflection. 
53.  Explain  the  polarization  of  light  by  refraction. 

Heat.  — 55.  Remarks  on  heatt  Free  or  sensible  heat  ?  Tempera^ 
ture  ?  Latent  heat  ?  What  does  the  term  caloric  express  ?  Heat  and 
cold  ^  To  what  laws  is  caloric  subject  1  What  is  one  of  the  most  strik- 
ing effects  of  heat  ? 

56.  Illustrate  the  expansion  of  liquids  bv  heat    Air.    Solids. 

57.  What  arc  some  of  the  sources  of  heat  ?  With  what  is  a  change 
of  volume  in  a  body  always  attended  ? 

58.  Give  illustrations  of  good  and  bad  conductors  of  heat. 

69.  By  what  principle  is  the  radiating  power  of  surfaces  regulated  ? 

€0.  EfTect  of  heat  on  liquids,  and  of  cold  on  vapors  ? 

What  is  evaporation  ? 

What  is  meant  by  the  dew  point  ?    When  is  the  air  said  to  be  sata- 
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rntetl  with  moisture  1  TVlicn  is  c\*apgnition  cttrricd  on  most  rapidly? 
W'liAi  cnuscsi  tu}:.  mist,  (low,  &i\  /  Upon  wliat  iloc^  the  nUiolute  qiian- 
ii[y  of  mui»tuiv  which  the  air  will  sustain  depend  f 

61.  Is  heat  or  lold  prod ucud  when  certain  substances  melt?  Gito 
cxamj^los. 

f)*j.  What  allowance  should  be  made  in  the  constmction  of  lai^ge  me> 
tallic  fttruciure's  < 

I'l:).  Kxplain  the  principle  of  the  compensation  pendulum. 

<)4.  What  is  a  thermometer  f  Diflerent  kinds  i  Free/.in/^  tempera- 
tutv  ?     Boilinj;  temperature  t 

t^.j.  In  what  various  ways  i4  heat  propagated  ' 

C6.  In  what  maniRT  is  nidiant  calDric  thrown  otf  from  a  Furface  ?    On 
what  does  the  rviloctiu^  (lower  of  substances  depend  ?     Which  are  tlie 
W^i  retiectors  J     State  the  ^encnd  rule  of  ubs.orpiioii.     What  is  meant 
by  iliathcrraanons  and  nthennauous  booties  ? 
'  r]ion  what  docs  the  powt- r  of  a  body  to  trnusmit  heat  depend  ? 

What  is  Leslie's  law  of  radiant  liciU  * 

07.  Acconling  to  what  dcK's  the  propagation  of  heat  in  li<]nids  vary  ? 

What  follows  when  heat  is  applied  to  the  smrjjce  oi  a  liquid  i 

At  what  temperature  doi^s  water  attain  it<<  greatest  density  i 

CS.  Kemark  on  the  heat  of  thu  ocean  ?  Wliy  docs  ice  always  form  at 
the  surt'aL*e  of  the  water ' 

«»'.».  Kemark  on  the  heat  of  tlic  atmosphere. 

71.  On  what  does  the  rate  of  condiiiiion  in  bodies  depend  ? 

72.  To  what  is  the  amount  of  froc  caloric  in  two  dilVci-cnt  qunntitios 
of  the  same  substance  pro]X)rtional  t  What  of  equal  weights  of  dissiini- 
lur  substances  ? 

What  i"*  meant  by  thi?  s/vrr'/iV  heat  of  a  l>oily  ?  What  relation  has  iho 
den-^itv  of  a  bodv  to  its  ca|>aciiv  for  heat  ?  What  i>  a  calorimeter  J  What 
otIuT  c'lanjc  attends  a  chanirc  of  volume  in  a  bolv  ? 

7*1.  What  is  /'*.<'"tiM  .'     \s\va\is  vtjjiorization  f     Jirn/vrftfion"? 

74.  What  number  of  di*;rrces  rei>resents  the  latent  heat  of  steam  ? 
70.  What  is  the  K-rt;ofh-tor:id  .' 

77.  What  is  an  h^f-jromttf r  / 

75.  How  docs  tlie  air  In^comc  warm  ?  Which  strata  of  the  atmos- 
phere are  wannest,  and  why  '  What  chan^»  takes  place  afitT  sunset  ' 
When  does  i!ie  larth  radian-  heat  most  freely  ?  When  is  the  dc]H»ition 
of  dew  nK>>t  copious  \  Why  do*s  the  gardener  cover  tender  plants  with 
straw  at  ni;;hi  *  What  are  ton>idcn."d  as  the  jrreat  causes  of  rain  ?  I'-os 
of  eva;K)raiion  and  condensation  ^  How  may  tl||teu.<peusi(m  of  the 
parriclo*  of  moisture  in  the  clouds  he  atvonnted  for  r^ 

Klkctruity.  —  1.  What  is  electriciiv  <  What  arc  some  of  tho 
means  for  ^rcnmrimr  it  ? 

2.  What  an*  the  fiindamontal  facts  of  electricity  ?  What  are  fhrtrirt? 
\yhar  fart  with  rcj^ard  to  an  cleciriricd  body  was  first  made  known  by 
Newton  * 

.'J.  (Jcnoral  remark*  on  condnctors  and  non-conductors  ?  When  is  a 
I'odv  said  to  I'c  in.-ulatid  \  Wliat  substances  ari'  n»ost  commoulv  u*cd 
as  iii>!ihirtirs  f  Wh.it  clVfi-t  ha*  li.impness  upon  insulators  ?  Which  is 
thi'  bt»>r  inMdatnr.  and  why  '  WJ-.lrh  are  the  l»est  conductors  of  eleeiri- 
I'iry  '  Is  the  aimosphcn:'  a  condmrtor  or  a  non-conductor  ?  In  what 
condition  is  niretii>d  air  ' 

4-  What  is  uu  electroseojio  ? 

5.  How  many  kinds  of  cleetricit}'  arc  there  ?  TVliat  is  the  Uw  of 
atiractJon  and  repulsion  ' 
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